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VOLUME 26 NUMBER 7 


AMERICAN ROCKET 


The Application of the Shock Tube to the Study of 
the Problems of Hypersonic Flight 


A. HERTZBERG? 


This paper discusses some of the new scientific and 
technical problems introduced by the high temperature 
conditions encountered in hypersonic flight. Modifi- 
cations of the shock tube which have been studied at 
Cornell Aeronautical Laboratory for the investigation of 
these problems are presented. The shock tube is one of 
the few laboratory instruments capable of generating the 
high temperature conditions in air encountered in hy- 
personic flight studied. The conventional shock tube is 
limited since the maximum flow Mach number that can 
be achieved behind a normal shock wave in air is approxi- 
mately 3. When the conventional shock tube is termi- 
nated by an expansion nozzle, high Mach number flows 
can be achieved as well as high stagnation temperatures. 
Actual flow conditions can therefore be closely simuliated 
for the investigation of heat transfer rates and other aero- 
dynamic problems. The application of the shock tube 
to other areas of high temperature research is briefly dis- 
In particular, a technique for the study of high 
temperature chemical reaction rates is described. 


cussed. 


Introduction 


LIGHT within the earth’s atmosphere at Mach wenden 

of 10 and above introduces a number of new and ‘in- 
teresting scientific and technical problems not associated with 
flight at lower Mach numbers. The most important of these 
problems arise from the extremely high temperatures which 
are encountered in the field of flow around a body resulting 
from the conversion of the kinetic energy associated with the 
flight velocity into thermal energy across the shock wave. 
At the high temperatures the thermal energy or enthalpy of 
the air is sufficient to excite the higher vibrational states of 
the diatomic molecules, produce dissociation of the nitrogen 
and oxygen molecules, cause chemical reactions such as the 
formation of nitric oxide, and induce thermal ionization of 
some of the molecular and atomic species of which the air is 
composed. 

The investigation of hypersonic flight problems is compli- 
cated by the changes in gas composition which occur at these 
high temperatures. Fig. 1 shows the maximum temperature 
encountered at the forward stagnation point on a blunt 

Received March 23, 1956. 
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Fig. 1 Maximum temperature at the blunt nose of a perfectly 
insulated body 


nosed, perfectly insulated body at hypersonic velocities. 
As can be seen in this figure, at a flight Mach number of 16 
the stagnation temperature is equivalent to the surface 
temperature of thesun. The large differences between the tem- 
perature calculated assuming an ideal gas with a constant 
specific heat ratio of 1.4 and the equilibrium temperature 
calculated using the actual composition can also be observed. 
The mole fraction equilibrium composition of air at elevated 
temperatures and at sea level density is shown in Fig. 2 

The calculations below 4000 K are the early work of Hirse h- 
felder and Curtiss (1) using the then accepted value for the 
dissociation energy of nitrogen, 7.37 electron volts per mole- 
cule. The calculations above 4000 K by the National Bureau 
of Standards (2) are carried out using the recently determined 
value, 9.76 electron volts per molecule (3). The effect of the 
change in the dissociation energy of nitrogen is evidenced by 
the change in fraction of atomic nitrogen at 4000 K. The 


3 Numbers in parentheses indicate References at end of paper. 
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Fig. 2 Mole fraction equilibrium composition of air at elevated a ‘ 
temperatures and at sea level density 
10 = 
use of the wrong dissociation energy appreciably affects gas “f | | 
dynamical calculations (18). At 6000 K it may be observed 7 
that, in addition to nitrogen and oxygen molecules, the air > 


consists of atomic oxygen, atomic nitrogen, small percentages 
of the various oxides of nitrogen, electrons, negative oxygen 
ions, and positive ions of nitric oxide. The major portion of 
the electrons below about 8000 K arises from the thermal 
ionization of the small but important concentration of NO. 
The small quantity of some of the constituents such as elec- 
trons, although not of such magnitude to radically alter the 
thermodynamic properties, may be sufficient to appreciably 
alter the transport phenomena (heat conduction, viscosity, 
etc.) at these high temperatures. For example, at a tempera- 
ture of 4000 K which corresponds to a flight Mach number of 
12, the electron concentration behind a normal shock wave is 
sufficient to produce an electrical conductivity equivalent to 
that of seawater. It is to be expected that the presence of the 
free atoms, electrons, and molecules in excited states will also 
influence flow phenomena such as boundary layer formation 
as a result of the energy transported by these species ex- 
isting at the high temperature. The changes in the com- 
position of air at the elevated temperatures of hypersonic 
flight directly affect not only stagnation temperature, but 
other aspects of body aerodynamics (4). This is strikingly 
illustrated by comparison of real and ideal limiting wedge 
angles for shock wave attachment (Fig. 3). 

In the above discussion an equilibrium state was assumed 
in all calculations. However, this assumption in some of the 
problems associated with hypersonic flight may be incorrect 
since the transit time of a particle of gas near the body may be 
of the same order as the relaxation time. Lack of knowledge 
of high temperature reaction rate phenomena, molecular, 
atomic, electronic, and ionic scattering cross-section data or 
interaction potential data at the present time considerably 
complicates the problem of determining the nonequilibrium 
properties of air. Indeed, it is this phase of the problem 
which vitally requires basic research. 

In view of the chemical and physical activity of air en- 
countered in hypersonic flight, it is important that labora-— 


ie} 4 8 12 16 20 
FLIGHT MACH NUMBER Mg, 


Fig. 3 Limiting wedge angle for shock attachment in air. Curve 
for air is for ambient pressure of 0.01 atmospheres and ambient 
temperature of 298 K 


(6), and temperatures of about 3600 K have been reported 
in ares used to produce nitric oxide from air. 

The stagnation temperature in conventional steady flow 
wind tunnels, however, is limited by the strength at high 
temperatures of present-day materials. Temperatures re- 
quired for the simulation of Mach 7 flight are well above the 
melting points of all known metals. Considerable effort is 
therefore being devoted to the development of other ex- 
perimental techniques which circumvent these limitations. 

Nonsteady heating methods, such as rapid compression by 
means of a piston, offer means of reaching high tempera- 
tures for brief periods which would not damage the tunnel 
structure. Another technique for rapid heating, which has 
in recent years found increasing application, involves the use 
of strong shock waves; temperatures beyond those en- 
countered in flight may be generated with relatively simple 
shock tube equipment (7). One of the chief attributes of 
the shock tube as a generator of hot gases is the relative pre- 
cision with which the state of the test gas is known, assum- 
ing that the thermodynamic equilibrium is attained and that 
the shock Mach number can be adequately measured. This 
paper describes the use of a shock tube for the study of high 
stagnation temperature flows and high Mach number flows 
in air. In addition, the application of shock tube techniques 
at Cornell Aeronautical Laboratory to other areas of high 
temperature research is outlined. 


The Conventional Shock Tube 


tory studies of flow at very high Mach numbers be done in air _ a Before describing the specific modifications of the shock 


at the appropriately high temperatures. 

In a conventional wind tunnel the stagnation temperature 
at the test section is approximately equal to the plenum tem- 
perature. Therefore heating techniques must be developed 
which yield flight stagnation temperatures. The modified 
pebble heater (5) is perhaps the most successful of the direct 
heating methods. Temperatures of 1800 K, corresponding 
to a free-flight Mach number of approximately 6, have been 
achieved. It is also possible to heat air to relatively high 
stagnation temperatures using various types of electric arcs 
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tube required to generate hypersonic flow, it may be appro- 
priate to review briefly the phenomena that occur in a con- 
ventional shock tube and describe its potentialities as a lab- 
oratory instrument for the investigation of high temperature 
problems. The conventional shock tube consists of a con- 
stant-area duct separated by a thin diaphragm into regions 
of high and low pressure. When the diaphragm is rup- 


tured, a shock wave is generated which propagates through 
the low pressure gas, accelerating the gas and simultaneously 
raising its temperature. 


If the shock wave propagates 
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Fig. 4 Wave diagram for a shock tube nozzle configuration 


through the tube without attenuation due to viscous losses 
or other causes, then the gas between the interface (which 
ideally is a plane separating the gas of the driver section and 
the gas in the low pressure section) and the shock is then at a 
uniform temperature and velocity. At any point in the shock 
tube the flow useful for testing is that between the shock 
wave and the interface. The essential features of the 
flow in the shock tube can be observed in the wave diagram 
of Fig. 4. 

Although supersonic flow Mach numbers can be achieved 
in a straight shock tube behind the normal shock wave, the 
floy Mach number attainable behind a very strong shock 
wave is limited. Although an extremely high velocity can 
be generated behind a normal shock in a constant area duct 
by using a large initial pressure ratio, the ambient tempera- 
ture behind the shock is correspondingly high. This con- 
sideration yields a maximum Mach number of 1.89 for an 
ideal diatomic gas (8). Fig. 5 shows the observed variation 
with shock Mach number of the flow Mach number behind a 
normal shock moving into still air. The points shown in the 
diagram are measured flow Mach number values in a straight 
shock tube. Since the excitation of the higher vibrational 
states of the molecules and dissociation absorb considerable 
amounts of the available energy, the static temperature be- 
hind the normal shock does not rise so rapidly as if the gas were 
ideal. Consequently, the flow Mach number behind the nor- 
mal shock in air is higher. 

Fig. 6 is a schlieren photograph of flow phenomena in a 
straight shock tube with the normal shock wave moving 
from left to right into still air. For the measured shock 
Mach number of 9 in this figure, the temperature behind the 
shock wave is about 4000 K. The flow Mach number may 
be determined from the measurements of the Mach angle of 
the disturbance waves which can be seen bebind the shock. 
The shaded region behind the normal shock is due to a re- 
laxation time to equilibrium flow of approximately 10 micro- 
sec. The straight shock tube studies described are a part of 
the investigations being conducted at Cornell Aeronautical 
Laboratory of the equilibrium and nonequilibrium phe- 
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Fig. 6 Schlieren photograph of air in a straight shock tube; 
vertical knife edge 


nomena behind strong normal shock waves. 

The most important limitation of the shock tube aside 
from the Mach number limitation is the extremely brief 
period during which high temperatures can be sustained. 
The conventional shock tube is, nonetheless, a valuable tool 
for investigation of high temperature phenomena in air when 
it is not necessary to simulate the flow Mach number. It 
provides high density and high Reynolds number conditions. 

In order to generate strong shock waves, the practice at 
Cornell Aeronautical Laboratory has been to generate the 
initial high pressures required behind the diaphragm by com- 
bustion of gaseous mixtures of oxygen, hydrogen, and a dil- 
uent. In early investigations, diaphragm strengths were 
chosen so that the diaphragm would be ruptured prior to 
achievement of constant volume combustion pressures (9), 
with the expectation that the final stages of combustion 
would take place at constant pressure. While strong shock 
waves in high density gas were achieved by this ‘‘con- 
stant pressure” drive, measurements of the shock velocity and 
pressure in the flow behind the shock wave indicated that 
irregularities in the combustion process could result in ap- 
preciable shock wave attenuation. Expansion waves gen- 
erated in the heating zone during combustion could overtake 
and weaken the normal shock. The most serious con- 


651 


¢ 
| 
/ Ly, 3 
‘oyo 
TYPICAL PARTICLE APPROACHES 
a> 
= 
| 
G2 
| 
| 
! 


~ sequence of this attenuation is the resultant change in the 
flow parameters behind the shock. Under these circum- 
stances a steady flow condition is not achieved in the shock 
tube. Nevertheless, from the shock velocity record or the 
measure pressure history of the flow, the actual variation of 
flow conditions with time can be calculated by means of the 
techniques of the method of characteristics (10). is 


The Hypersonic Shock Tunnel AP 


The chief limitation of aerodynamic testing in the con- 
ventional shock tube is the flow Mach number limitation 
previously discussed. Higher flow Mach numbers can be 
achieved by modifications of a conventional shock tube (8). 
For example, if a conventional shock tube is terminated by a 
supersonic nozzle (11) as indicated schematically in Fig. 4, 
the steady supersonic flow behind the shock wave expands 
through this nozzle and the flow Mach number can thus be 
raised to the desired test Mach number. By controlling the 
strength of the primary shock and employing the proper 
nozzle configuration, the stagnation temperature and Mach 
number conditions of free flight can be duplicated. 
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Fig. 7 Cornell Aeronautical Laboratory 11- x 15-in. hypersonic 
shock tunnel 


Fig. 7 is a drawing of the 11- X 15-in. hypersonic tunnel 
at Cornell Aeronautical Laboratory which is being employed 
for hypersonic testing at the present time. The flow ex- 
pansion occurs through a two-step nozzle and the boundary 
layer generated along the walls of the shock tube and the 
primary nozzle is removed at the beginning of the second 
step. The test section indicated by the location of the cone 
model is 11 X 15 in. and is equipped with 10-in.-diam ob- 
servation windows. The rectangular section with the window 
may also be used as a test station. 

In the design of a hypersonic nozzle, real gas calculations 
must be used since the expansion ratio required to achieve a 
given test Mach number is appreciably altered (4). The 
nozzle expansion ratio is greatly increased in comparison to 
the value required to produce the same flow Mach number 
assuming an ideal gas with a specific heat ratio of 1.4. The 
Reynolds number per foot in the test section is correspond- 
ingly reduced in comparison to the ideal gas values. As an 
indication of the extent of these effects, at a flow Mach 
number of 10, the expansion ratio is increased and the 
Reynolds number per foot decreased by a factor of 10. The 
effect on testing time is also of some importance since the 
flow duration in any reasonable length of tube is of the order 
of milliseconds. When real gas properties are considered, 
the testing time is reduced by a factor of 2 at high Mach 
numbers as compared with the testing time calculated on an 
ideal gas basis. For a given shock strength in the real gas, 


the flow velocity is greater than in the ideal gas and, con- 


sequently, all the useful flow passes a given point in the shock 
tube in a shorter time. 

At the end of the low-pressure section it is necessary to 
insert a secondary diaphragm. This diaphragm is required 
in order that the nozzle section may be evacuated to enable 
rapid establishment of the high Mach number flows. When 
the shock propagates into the nozzle, disturbances are 
generated which tend to move upstream against the flow, and 
reduce the available testing time. By properly selecting the 
initial pressure in the nozzle, only weak disturbances will be 
generated which will be swept out of the nozzle with the 
characteristic velocity (u — a) where wu is the flow velocity 
and a is the velocity of sound. This enables the maximum 
use of the available testing time to be achieved in the hyper- 
sonic nozzle. A detailed discussion of these flow-starting 
phenomena is given in (12). 

Fig. 8 shows the experimental variation of the tunnel flow 
Mach number with time during a run as determined by 
measurements of the shock angle on a 20 deg wedge. These 
measured Mach numbers are believed to be accurate to +0.2 
of a Mach number. The initial time indicated here is the 
time at which the shock wave first crosses the wedge. It may 
be interesting to note that, prior to the establishment of steady 
flow, a very high Mach number is obtained in the test flow as 
predicted by theoretical calculations of the starting phenom- 
ena. 

When the waves generated in the starting process :re 
swept downstream, a period of steady flow of approximately 
one millisecond duration is established as indicated in Figs. 
8 and 9. Mach number measurements obtained from 
records, as in Fig. 9, show that, within measurement errors 
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Fig. 8 Development of flow about a wedge in the terminal nozzle 
of the 1l- X 15-in. hypersonic shock tunnel 


Fig.9 20° wedge in 11- x 15-in. hypersonic shock tunnel; run 35 
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of the shock angle, the flow Mach number may be con- 
sidered constant during the testing time. 

Although the flow Mach number has been observed to be 
relatively constant in the test section, it is possible for the 
test section density and pressure to vary considerably if 
large shock attenuation occurs in the constant area low pres- 
sure section. As previously described, the expansion waves 
which cause the shock attenuation also produce a changing 
condition in the flow behind the shock wave. This flow 
attenuation appears primarily as a continuous change in 
pressure and density of the flow entering the nozzle, resulting 
in a varying pressure and density at the test model. The 
variation in density and pressure in the test section cannot 
be observed from measurements of flow Mach number alone. 

No satisfactory instrumentation is presently available for 
the measurement of the low density and pressure established 
in the test section. This is one of the chief limitations of 
testiig in the hypersonic shock tunnel. However, it has been 
foun! possible to calculate the tunnel flow conditions from 
careful measurements of the shock Mach number and the 
pressure history of the flow behind the normal shock in the 
low pressure section and from measurements of the flow 
Mach number in the test section. The theoretical calcula- 
tions are carried out using the method of characteristics (10). 

At the present time, the driver technique is being modified 
to permit the attainment of constant volume combustion 
pressure. Fig. 10 shows the calculated densities which can 
be produced in the hypersonic shock tunnel using the ‘“‘con- 
stant volume” combustion of a mixture of 81 per cent helium 
and 19 per cent stoichiometric oxygen and hydrogen. This 
driver has a greater acoustic velocity than any mixture of 
stoichiometric oxygen and hydrogen with excess hydrogen. 
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It is anticipated that the constant volume process will yield | 
less shock attenuation than is observed with the ‘constant 
pressure’’ process. 


Methods of Heat Transfer Measurement in the 
Hypersonic Shock Tunnel 


Because of the importance of knowledge of the heat 
transfer rates in high velocity flight, the first series of meas- 
urements that have been carried out in the hypersonic shock 
tunnel have been measurements of heat transfer rates on 
models mounted in the nozzle. Since the available testing — 
time in the hypersonic shock tunnel is on the order of one | 
millisecond, and the density is low, conventional heat transfer — 
rate instrumentation cannot be used and special techniques — 
have been developed. 

The maximum temperature rise on models fabricated from | 
insulating materials and mounted in a shock tunnel is about — 
100 K during the brief testing time. By measuring the time | 
history of the surface temperature during this interval, the 
heat transfer rate at the surface can be determined by calcula-— 
tion. 

In shock tunnel applications the temperature rise is meas- — 
ured by a thin metallic film on the order of one micron in — 
thickness bonded to the surface of the model. If this film 
is one micron thick or less, the temperature of the film will 
correspond to that of the surface with a lag which may be | 
considered small as compared to the testing time. The tem- | 
perature rise in the film is measured by observing the change — 
in its electrical resistance. Indeed, the rise time of these 
gages is so fast that the gages have been successfully used as — 
shock wave detectors for the purpose of measuring shock — 
velocity (13). Gages of this type have also been used to 
measure heat transfer rates to the walls of the shock tube — 
(14). Basically, the technique employed is a modification of | 
the evaporated film thermocouple which has been developed — 
in recent years. for the measurement of transient tempera- 
tures in gun barrels (15). 

At Cornell Aeronautical Laboratory, a simple and effective 
thin film gage has been developed by painting a suspension of 
silver and platinum on glass or quartz test models which are 
then baked at approximately 1100 F for 20 min (16). Meas- 
urements of the thickness of such gages have indicated that 
they are of a uniform thickness of about one micron. At 
the present time at Cornell Aeronautical Laboratory, gages 


the p sages 


Fig. 11 Resistance thermometer mounted on a 20° fused quartz 
cone 
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of this type are being used in a variety of heat transfer pro- 
grams carried out in the hypersonic shock tunnel. 

The performance of these gages prior to their application 
to the hypersonic range has been verified by tests in a 
straight shock tube under subsonic flow conditions. In these 
tests the flow conditions about the model were such that the 
heat transfer rate could be easily calculated, and the time 
scale of the measurement was similar to that obtained in 
the hypersonic shock tunnel. Heat transfer records both 
at the stagnation point of blunt bodies and on flat plate 
airfoils placed in the center of the shock tube were taken. 
In all cases the agreement between the calculated tempera- 
ture rise and the temperature rise measured by the gage has 
been excellent. Fig. 12 is a record obtained on a flat plate 
airfoil on which a suddenly generated Mach 0.3 flow was ob- 
tained in a shock tube. The dotted line is the calculated 
theoretical temperature rise under these operating conditions, 
and the heavy solid line is the oscilloscope trace. The fall- 
off at 4 millisec is not due to the gage but shows the. arrival 
of secondary waves which change the flow conditions. 
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Also, at the present time techniques of instrumentation of 
other aerodynamic parameters, such as force and pressure 
measurements, are being explored. The preliminary results 
of this program have indicated that the measurement of model 
forces by means of a special balance system is possible within 
the available testing time of the hypersonic shock me 


Special Applications of the Shock Tube 


As pointed out in the introduction, information about the 
nonequilibrium properties of air is required for the study of 
hypersonic flight. While much information may be ob- 
tained from the conventional shock tube and the hypersonic 
shock tunnel, shock tubes of special design may be required 
for some phases. 

For example, a special modification of the shock tube may 
be employed to investigate high temperature chemical re- 
actions, especially those which occur in high temperature air. 
Fig. 13 shows the modification of the conventional shock tube 
employed at Cornell Aeronautical Laboratory to study chemi- 
cal kinetics (17). This “chemical” shock tube consists of a 
central driver section containing inert gas at high pressure, 
separated by diaphragms from the section containing the re- 
actant gas and a large evacuated damping chamber. When 
the diaphragm between the driver gas and the reactant is 
ruptured, a shock wave travels through the reactant mixture 
heating and compressing it. This shock wave is then re- 
flected at the end of the reactant section, further compressing 
and heating the reactant gas to the final reaction conditions. 
The rapid travel of the reflected shock wave through the re- 


Fig. 13 Cornell Aeronautical Laboratory chemical shock tube 


actant gas establishes a uniform condition of pressure and 
temperature for times on the order of several millisecu nds, 
At a predetermined time, the diaphragm separating the driver 


: i - from the evacuated chamber is burst. The expansion fan 


generated by the sudden flow of driver gas into the vacuum 
chamber propagates down the shock tube through the re- 
acting mixture, cooling and expanding the reacting gas. In 
the chemical shock tube at Cornell Aeronautical Laboratory 
it is estimated that cooling rates on the order of five hundred 
_ thousand degrees Kelvin per second are obtained. In addi- 
tion, the large evacuated tank acts as a damper, preventing 
waves from reflecting back into the reaction zone so that the 
reactant mixture is subjected to a single temperature pulse. 
The first reaction to be studied in the chemical shock tube 
was the fixation of atmospheric nitrogen. Fig. 14 shows the 
results of some recent measurements of nitric oxide formation 
from air. It may be observed that equilibrium amounts of 
nitric oxide were not achieved in the low temperature region 
of the curve because the reaction rates and heating times are 
small. At higher temperatures, the reaction rates are large, 
and equilibrium amounts of nitric oxide were formed during 
the short heating times. Nevertheless, some of the nitric 
oxide decomposes during the cooling phase of the pulse since 
the cooling rates are inadequate to “freeze” the high tem- 
perature equilibrium. From a study of the approach to equilib- 
rium, it is possible to determine the kinetics of the reaction. 
One technique that has been employed in the chemical 
shock tube which may be of significance for other shock tube 
studies is the use of a “tailored interface.” By adjusting the 
composition of the driver and the reactant gases, the shock 
reflected from the closed end of the tube will be transmitted 
_ without reflection through the interface. Since no reflection 
_ from the interface occurs, a constant pressure and tempera- 
ture condition can be maintained in the reaction zone for a 
relatively long period of time (8). 
The tailored interface technique may be used for aero- 
dynamic testing since it may enable longer testing times 
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Asolution is given to the problem of transferring a rocket 
from a circular orbit about one planet into another about 
asecond planet with minimum expenditure of fuel. The 
planetary orbits are assumed to be coplanar and the longi- 
tudes of the planets in their orbits at the instants of de- 
parture and arrival of the rocket are supposed to he speci- 
fied. The case of transfer between the Earth and Mars 
is taken as a numerical example of the general theory. 


1 The Problem 


A METHOD of calculating the orbit along which a rocket 
£% may be transferred from a circular orbit about one 
planet into another about a second planet with a minimum 
fuel expenditure has been described in another paper (1).? 
In addition to specifying the optimal trajectory of transfer, 
the method also determines the most favorable positions of 
the planets in their orbits about the Sun at the instant of 
departure. It may be necessary to delay departure for some 
considerable time until these favorable positions are attained 
by both planets. If, however, such a delay is not accept- 
able, the problem arises of calculating the most satisfactory 
mode of transfer when the two planets are in given relative 
positions on the chosen date of departure. This is the prob- 
lem we shall solve in this paper. 


2 Solution to the Problem 


We shall restrict ourselves to the two-dimensional problem 
of transfer between two planets moving in coplanar elliptical 
orbits about the Sun. Oz, Oy are fixed rectangular Cartesian 
axes in the plane of the orbits. The method may be general- 
ized to deal with the realistic three-dimensional problem by 
introducing into the argument a third axis Oz. However, the 
principles upon which the solution to this more complex 
problem is based will be identical in character with those 
which lead to a solution of the more elementary one, and no 
advantage will be gained, therefore, at this stage, by further 
complicating the analysis in order to achieve complete gen- 
erality. Again, absolute accuracy could only be achieved 
by taking into account the perturbations caused in the 
planets’ motions by their mutual attraction and the attrac- 
tions of other bodies of the solar system, but the saving in 
fuel which would result would be negligible by comparison 
with the inevitable losses which will have to be accepted on 
account of our inability to navigate the rocket along any 
prescribed track without error. The most satisfactory pro- 
cedure will always be to disregard all such small effects when 
computing an optimal track and then to allow for these, and 
earlier errors of navigation, during passage, by small correc- 
tional thrusts from the motor applied at various check points 
along the transfer orbit. A method of computing such cor- 
rections has been outlined in (2). 

As in (1), we shall suppose that the rocket escapes from its 
circular orbit about the planet of departure by means of an 
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impulsive thrust from its motor directed along the tangent _ 
to this orbit. It then recedes along a hyperbolic trajectory, 
merging imperceptibly with the elliptical orbit of transfer in 
which it moves under the influence of the Sun alone. Coming 
under the influence of the planet of arrival, it falls along a 
hyperbolic track whose apse is at the level of the circular 
orbit. Upon arrival at the apse, it is transferred into the 
circular orbit by means of a second impulsive thrust in a | 
direction opposing its motion, i.e., tangential to the circular — 
orbit. Thus, apart from two short periods of thrust, the — 
motor is inoperative. 

If (—f, —g) represent the x and y components of the gravi- 
tational field intensity acting upon the rocket when at the ~ 
point (x, y) at time ¢, both f and g will be functions of the ~ 
variables (x, y, t). Let x = X(t), y = Y(t) be the equations | 
defining the optimal trajectory of the rocket. Along this 
trajectory, we define a vector called the primer having com- 
ponents (u, v) satisfying the equations 
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It is shown in (1) and (3) that over an absolute optimal | 
track, all motor thrusts must be impulsive in character and, 
in addition, the following conditions must be satisfied: 
(a) u? + vp? < 1 at all points. 
(b) (u, v) are » the direction cosines of the direction of thrust 
at each junction at which the motor operates. 
(c) (uw, ¥) are continuous over such a junction. 
(d) A = uf + vg + Xu + Yv is continuous across a junc- 
tion. 
(e) A = 0 over that section of the orbit of transfer where ; 
the attraction of the planets is negligible. 
The above conditions were obtained on the assumption 
that we were free to choose the junctions at which impulsive 
thrusts were to be generated to suit ourselves. In the case 
under consideration, this is not so, and a reconsideration of 
the argument of (3) will show that, if the position of any 
junction is fixed at the outset, condition (¢) may be waived at 
this junction. We shall not, therefore, require this condi- 
tion to be satisfied at either of the junctions of the present 
problem. 
Over the hyperbolic trajectory of departure from the initial 
circular orbit, we shall neglect the effect of the Sun’s attrac- 
tion. Let uo/ro? be the attraction per unit mass of the planet 
of departure at a distance ro from its center. Let (€o, lo) be 
the eccentricity and semi-latus rectum, respectively, of the 
hyperbolic orbit. Its polar equation is then 


lo 


To 


where yo is measured from the apse. If (Uo, Vo) are the 
components of the primer in the directions of the radius 
vector 7 and of the perpendicular to it, respectively, it is 
proved in (4) that the appropriate solution of Equations 
[1] is 


Uo = Po cos Yo + (Qo + Holo eo sin ve. [3] 
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Ry — Po sin Yo + Ho cot Yo 
1 + e@ cos Yo ; 


Ve= 


[4] 


where Po, Qo, Ro, Ho are dimensionless constants of integra- 


tion and 
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[5] 


An impulsive thrust is applied at the apse in a direction 
at right angles to the radius vector. Hence, by condition (b) 
above, we must have Up = 0, Vo = 1 at Yo = 0. This leads 
to the conditions 


Qo(1 + + 


It should be noted that ¥ = 0 makes the expression for Jo 
indeterminate. We must accordingly let Yo — 0 in Equa- 
tion [5]. 

Let »/r? be the attraction per unit mass of the Sun at a 
distance r from its center. Let the polar equation of the 
transfer trajectory, over which the attractions of the planets 
are negligible, be 


[8] 
r 
7 


where y is measured from perihelion. If (U, V) are the com- 
ponents of the primer in directions along and perpendicular 
to r, respectively, then, as shown in (4), since A = 0 (condi- 
tion (e)) 


Psin 
7 = —Psiny + Q(1 + ecos y) + 


where P, Q, R are constants of integration to be determined 
later. These equations must be identical with Equations 
[3] and [4] where the hyperbolic trajectory merges with the 
transfer orbit. The primer components being solutions of 
second order differential Equations [1], we can ensure this 
by equating the values of Uo, Vo and their first derivatives 
obtained from Equations [3] and [4] with the corresponding 
quantities obtained from Equations [9] and [10]. 

If ¢o is the angle made by the direction of the asymptote 
of the hyperbolic trajectory of departure with the perpendicu- 
lar to the radius vector r drawn in the sense of y increasing, 
it is shown in (1) that the components of the time derivative 
of the primer vector as computed from Equations [9] and 
[10] are 


(S sin + T cos oo along the asymptote... . . {11] 
(—S cos ¢ + T sin ¢)W perpendicular to the asymptote. . . 


where 


Re sin y — Pe — Peosy 


T= 
(1 + e cos y)? 


Consider now the form taken by Equations [3] and [4] at 
a great distance along the asymptote of the hyperbolic orbit. 
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= 


At such a point, ro ~ © and hence cos ¥% = —1/e and 
sin Yo = (€% — 1)'/*/é. Thus yo does not vary with ¢ and 
hence 


Uo = Holyeo sin Yo = H( eo? 


The first two terms in expression [5] for Jo are constant and 
hence make no contribution to J). The last two terms be- 
come larger however, and hence must be dealt with separately, 


Differentiating these two terms with respect to ¢, we obtain 
= — 3 — cos Yo) 
(eo? — 1)? (1 + cos Yo)? 
Since cos Yo = —1/e, and in view of Equation [2], this may 
be written 
But ro? ¥% is the constant velocity moment of the rocket 
about the center of attraction and is accordingly equal to 
(uolo)'/2. Thus 
It now follows that, at a great distance from the planct of 
departure 
= Hoeo? 
\ (eo? — 
Now consider Equation [4]. It may be shown that as 
cos —1/e, + cos a constant. It follows 
that the only term which makes a nonzero contribution to 
Vo when To is large is 
Ry — Po sin Yo + Ho cot vo 120) 
Referring to Equation [2], we see that this may be written in 
the form 
1 ‘ 
i, (Ro — Po sin Yo + Ho cot Yo)ro = 
0 » 
1 (eo? — 1)'/2 1 


when = (—1/e). Differentiating with respect to 


the time, we obtain 


(e? — 1)‘ 1 


But # is the velocity of recession from the planet of depar- 
ture. Hence 


fo = — 1)/lo]'/* 
and 


1 


Vo = | Ro(eo? — 
ly 


Equations [19] and [23] give the components of the time 
derivative of the primer along and perpendicular to the 
asymptote of the hyperbolic orbit when the rocket has re- 
ceded to a great distance from the planet of departure. 
iquating these quantities with the corresponding components 
given at [11] and [12], we obtain the equations 


Hoeo? 

(S sin + T' cos ¢o) 


(—S cos + T sin = — 1)'/2 — 
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But = + X angular velocity of the 
rocket in the circular orbit about the planet of departure 
and hence is large by comparison with y, the angular ve- 
locity of the rocket about the Sun at the commencement 
of the transfer orbit. We shall accordingly approximate 
Equations [24] and [25] by the equations 


= Role? — 


1 
—-H,=0.. 


Solving these latter equations in conjunction with Equations 
[6] and [7], we obtain 


1 
Po = Ryo = Hy = 0 Q = [27] 
0 


Thus, from Equations [3] and [4], at a great distance from 
the planet of departure 


Uy = 


This implies that the components of the primer, along and 
perpendicular to the radius vector r from the Sun, at the 
cominencement of the trajectory of transfer are 


&— 1 
V= ——— COS dp... . [29 
[29] 


Identical results must be given by Equations [9] and [10] and 
thus 


~ 
ll 


P cos + Qe sin y = sine [30] 
é&+1 
P R—-Psiny 
-Psiny + QU + 


[31] 


where y takes the value appropriate to the commencement 
of the orbit of transfer. 

The transition from the transfer orbit into the hyperbolic 
orbit of approach is dealt with similarly and yields the con- 
ditions 


-P sin y’ + Q(1 +e cos py’) + = 
con 


1 + ecos y’ 
y’ being the value of ¥ appropriate to the end of the transfer 
orbit, @: being the angle made by the asymptote of the ap- 
proach orbit with the perpendicular to the radius vector r, 
and e, being the eccentricity of the hyperbola of approach. 
Condition (d), above, may be applied at each junction, 
but yields equations involving the constants of integration 
which appear when Equations [1] are integrated over the 
tircular orbits about the planets. Such equations do not 
limit the trajectory of transfer in any way, but only serve to 
fix the new constants of integration. 
Elimination of the quantities P, Q, R between Equations 
[30] to [33] now yields the condition to be satisfied by the 
optimal transfer orbit, viz. 


P cos + Qe sin y’ = \" 


Ey sin [(2 + e cos cos(y — —(2 +e cos y’)] 
+ sin ¢:[(2 + e cos y’) cos (y — y’) — (2 + cos 
+ [Eo(1 + e cos cos do — E,(1 + e cos cos gi] X 
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sin (y’ — ¥) = 0.. [34] Eliminating do and from the condition [39] by the use 


where 


Let (7, 7:1) be the respective distances of the planets of . 
departure and arrival from the Sun at the times of departure 
or arrival of the rocket, and let (4, 6:) be the respective longi- — 
tudes of the planets at these instants. If y is the longitude | 
of perihelion on the transfer orbit, it then follows that at the 
terminals of the transfer orbit 


and hence, from Equation [8], that 
= 1+ ecos(% — [37] 
l 


These latter equations permit us to write the condition [34] 
in the form 


_ 
l l 

~ sin (0; — 0) cos do Jeor (0; — -(1 + Jain. 
To To 


l l l 
sin (0; — @) cos Jeos (0; — 0) -(1 + ) Je 
To 


... 89] 


If wo is the velocity of the rocket in its circular orbit about 
the planet of departure and relative to this body, its velocity 
at infinity on the hyperbolic orbit along which it leaves the 
planet is wo(eo — 1)'/%. This velocity must equal the vector 
difference between the velocity of the planet in its orbit at 
the time of departure and the velocity of the rocket relative 
to the Sun at the commencement of the transfer orbit. If 
Xo is the semi-latus rectum, ¢ is the eccentricity, and 7 is the 
longitude of perihelion of the orbit of the planet of departure, 


it may be shown (5) that this leads to the conditions 
wo(eo — 1)'/2 COS dp = do?) /ro [40] 


— 1)'/? sin dp = 


E sin (@— 7) sin (0 — |. [41] 
Whence, eliminating ¢o, we obtain 
e? 2ee 
— — cos (¥ — Yo) — 
wo (eo + (y — Yo 


& 0 


as explained in (5). 
The following equations may be found similarly 


wile: — 1)'/2 cos = — [43] 


w,(e; 1)'/2 sin = 
1 


2ee 
1 


1 
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of Equations [40], [41], [43], and [44], we obtain it in the 
form 


wo? +1) Le 


= 


7, Sin (0 — y) — sin (6) — 


cos (6, — %) — (1+ 


L=— sin (6, — 60) 


l 
+!) cos (8; — 4%) -(1+/)] Xx 


Equations [37], [88], [42], [45], and [46] determine the 
five unknowns é, é, l, e, y and hence the optimal mode of 
transfer. These equations are easily reduced to one condi- 
tion, since Equations [42], [45] may be employed to eliminate 
é and e; from Equation [46] and then, solving Equations 
[37], [38] for J and e in terms of 7, these quantities also may 
be eliminated. We are left with a single equation for wh hich 
must be solved numerically. Male 


at 
3 Transfer Between Circular Orbits 


Fe sin — yi) — sin (6; — »| 


The orbits of the principal bodies of the solar system being 
very nearly circular, the simplified forms taken by the equa- 
tions of the last section when it is assumed that the orbits 
of the planets of departure and arrival are exactly circular 
are of some importance. In this case, ¢ = « = 0 and do, Ai 
are the radii of the planetary orbits. Also 7) = do, 1 = A. 
Thus Equations [42], [45] can now be written 


(@ — 1) = + [47] 
— 1 3 2I'/2 
wr(eo—1)=4 i . [48] 
1 1 


133 X 10%, 


l 2 l 3/2 
(4 sn (0: — 6) be 
ro ro 
l l 
+ cos (@ — %) —1 — e sin (@ — y) 
To ri 
2 3/2 
l l . 
[(: + cos (@ — 1 — (0, — y). 
at 


This latter equation, together with Equations [37] and 
- [38], specify the optimal trajectory. 

If the rocket is to be transferred from a circular orbit just 
outside the Earth’s atmosphere into another close to the sur- 
face of Mars, the following values must be substituted into 
Equation [49] 


= 1.497 X 1013, = 2.280 X 1018 


= 7.912 X 105, w, = 3.557 X 105 


the units being cgs. In this case, we have solved Equation 
[49] for y when (6; — 6) takes the values shown in Tuble 
1. The corresponding values of / and e are also given, to- 
gether with the net characteristic velocity V (km/sec) of the 
maneuver and the time of transit 7 (days). The amount 
Aw by which the longitude of Mars exceeds that of the Earth 
at the instant of departure is shown in the last column. 
When @; — % = 180 deg, the optimal transfer orbit is 
tangential to both the planetary orbits. This is the well- 
known ‘Hohmann’ case and corresponds to an over-all 
optimum. 

- For values of Aw other than those within the range of the 
— table, the characteristic velocity is far too large to be practi- 
— eable, or more than one complete circuit of the transfer orbit 

must be made so that the waiting time is greater than that 

which must elapse to bring Mars into a more favorable position. 

There will accordingly be periods during which transfer be- 

tween the Earth and Mars is not practicable. This phe- 

nomenon has been discussed by Preston-Thomas (6). 
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Some of the unique features of thermonuclear power 
plants and the essential problems in the technical design 
of such plants are discussed in this paper. The thermo- 
nuclear reaction rate for the fusion of deuterium is calcu- 
lated on the basis of a similar analysis published by Gamow 
and Teller. The pressure, temperature, and minimum 
dimensions of the necessary reaction chamber are deter- 
mined largely by consideration of reaction quenching and 
energy loss near the walls. Results are presented for the 
power output and the efficiency of a power station utiliz- 
ing the deuterium fusion reaction. The comment by 
Greenstein that follows this paper deals particularly with 
the difficult problem of calculating the reaction quench- 
ing and energy loss rates at the walls. 


1 Introduction 


GREAT majority of the present discussions and plans 

on the utilization of nuclear energy for power produc- 
tion is related to the fission reaction. Although the nuclear 
fission power plants have many distinct advantages over the 
conventional power plants, the limited world reserve of 
uranium and thorium that can be practically mined makes the 
long term prospect of such power plants somewhat uncertain. 
On the other hand, the thermonuclear fusion reaction, par- 
ticularly the “burning” of deuterium into helium, utilizes a 
very abundant fuel. Therefore, if the fusion reaction can be 
made to generate energy for power plants, the prospect of 
world energy supply will be very much brighter. 

But can the fusion reaction be utilized in terrestrial power 
plants? This question has been examined by E. Singer and 
his collaborators (1, 2).2 However, a critical reading of 
Singer’s work will show that part of his analysis is not valid 
because he has not gone deep enough into the subject. It 
is the purpose of this note to point out some of the unique 
features of the thermonuclear power plants and the essential 
problems in the technical design of such power plants. It will 
be seen that such engineering projects are truly of stupendous 
proportions and are a challenge to one’s imagination. How- 
ever, the reward to the welfare of the human race by a suc- 
cessful development of thermonuclear power plants is so great 
as to make the careful examination of this problem a very 
worthwhile research project. 

2 Thermonuclear Reaction Rate Ds 

Thermonuclear reactions are reactions between charged 
nuclei. Because of the electric charge, necessarily positive, 
the approach of the nuclei to each other has to overcome the 
Coulomb repulsion between the nuclei. Therefore, only if 
the relative kinetic energy of the nuclei is high, can a close 
enough approach be obtained and a reaction take place. This 
required kinetic energy is so large that even at temperatures 
as high as 108 K only nuclei in the high energy end of the 
Maxwellian velocity distribution can achieve reaction. There- 
fore only a very small fraction of the nuclei participate in the 
reaction. In other words, the reaction rate is quite small. 
This observation leads to a great simplification of the calcula- 
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tion: The nuclear distribution can be considered as quasi- 


steady; i.e., the Maxwellian distribution can in fact be used | 
in spite of the slight lack of thermodynamic equilibrium | 
Gamow and Teller (3) have dev eloped — 
The following is a | 
slightly modified form of the theory suitable for the present — 


during the reaction. 
such a theory of thermonuclear reactions. 


purpose. 


Considering the colliding particles as rigid spheres, it is — 
well known (4) that the number dN of collisions per unit 


volume per unit time between particles of type 1 and 2 with | 
kinetic energy of collision between ¢ and ¢ + de is 


kT 


where 7, m2 are the number densities of particles of type 1 
and 2, respectively; s is the symmetry number, equal to 2 
if type 1 and type 2 are the same, and equal to 1 if not; u 
is the reduced mass of type 1 and type 2 particles. Dy, is 
the average diameter of the two types of particles; i.e., if 
D, and D, are the diameters of type 1 and 2 particles, then 
1 

Dy = 2 (D, + Dz) [2] 
To put this general formula into a form more useful for the 
present computation, molar fractions »; and v2 are introduced 


where n is the total number of particles per unit volume; the 
particles may include electrons besides the nuclei. Further- 
more, if M, and M; are the mass of particles of type 1 and 2, 
and A, and A, are the corresponding quantities expressed in 
terms of atomic mass units (“atomic weights” of the nuclei), 
and M is the mass of one atomic mass unit, then 

M,+M, <A, 

Thus A is the reduced mass expressed in terms of atomic mass 
units. If V is the relative velocity of the two colliding par- 
ticles, then ¢, the relative translational energy, is defined as 


1 
] 
If P is the thermodynamic pressure, then 


Equation [6] is true only if the assembly of particles is at 
thermodynamic equilibrium and if the particles essentially do 
not interact, i.e., the assembly is a perfect gas. At the ex- 
tremely low gas density that will be considered, this is true 
to a high degree of accuracy. Of course, if the sum of the par- 
ticles is not at thermodynamic equilibrium, e.g., fusion 
product neutrons which hardly collide a sufficient number of 
times with other particles to have a Maxwellian distribution 
of velocity within the dimension of region considered, then 
such particles must not be considered in calculating the “total” 
particle density n. The “pressure” produced by such par- 
ticles on the wall of the containing vessel has to be treated 
separately. On the other hand, photons, if any, that are 
almost at thermodynamic equilibrium m must be inchatea in 
the particle density n. 
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The most important modification of [1] is the following: 
Nuclear reactions cannot be considered as collisions between 
rigid spheres but are expressed through an effective cross 
section o. The effective cross section for collision of rigid 


spheres is a circle of radius Dj. Therefore 
By substituting [3]. [4], [6], and [7] into [1], the number dN 
— 


SV 


It is important to note that in general the effective cross 
section is not a constant but function of energy «. In par- 
ticular, according to the theory of nuclear reaction, the quan- 
tal penetration of Coulomb barrier gives the effective cross 


section o as 
c= x 


2 A Z 


exp | - k 2 
w here A is the de Broglie wavelength 
R is the radius of the compound nucleus formed during 
reaction, and can be estimated as 


> 


= [1.7 + 1.22 (A, + X em...... [11] 
Yr is the half-width of the nuclear resonance level. Z,; and Z 


are the nuclear charges in units of electronic charge e. 
By substituting [9] and [10] into [8], it is seen that the 
variation of dN /de with respect to ¢ is due to the exponential 


factor 
A 


There is a minimum of the quantity within the square bracket 
with respect to e which corresponds to the maximum of 
dN/de. If this € is denoted by e*, then 


AM 


kT 


VAM 
\ 2k 


Near this value of ¢, the expression in the square bracket of 
[12] can be approximated by 


— 
AM * 
re WV: € 14] 
V 4kTe* 


dN = 2xp 


sV2rAM(kT)? 2 


$2 exp | — - — 
4 kT'e* 


By integrating over all e, we have the number N of effective 
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binary collisions per unit vol per unit time as 


Yoam Yer 
>| <1. 116) 
he 


Va a 


Equations [16] and [17] together determine the reaction rate. 
There is only one important difference between [16] and the 
original formula due to Gamow and Teller (3); Gamow 
and Teller have not included the symmetry number s and thus 
-may be wrong in some cases by a factor of 2. 
If we denote by x the quantity (k7)'/:, then the tempera- 
ture dependent part of [16] can be written as 


x’ exp | -3( ) 18] 


This quantity clearly has a maximum at some value of z, 
say 0} Xo is determined by 


From [13] 


Equation [19] gives the optimum reaction temperature 7, 
for maximum reaction rate at constant pressure as 


By putting in the numerical values of physical constants 
Ty = 1.442 X 108AZ,2Z.2 °K.......... [21] 


Equations [20] and [21] show that the optimum reaction 
temperature depends only on the reduced mass and charges 
of the nuclei and is independent of the details of the reaction. 
T) is the smallest for proton-proton reaction, (A = '/; 
Z, = Z2 = 1), for which 7) = 0.721 X 10° K. 

The important parameter in the expression of reaction 
rate is the level width r. This has to be determined experi- 
mentally. However the experimental reaction cross sections 
usually expressed as 


where B and C are two empirically determined constants for 
any one reaction. Same as the preceding paragraphs, [8] 
and [22] can be combined to give the formulas 


e* C2 
kT (=) [23] 


2\2 | 
8 \: 3AM kT 


2 
and 
Thus, under this approximation, dN can be computed as 
( 3 ) 
= — 


If the optimum temperature 7’) is used as a reference tem- 
perature 
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[28] 
7 
Cis usually given in units of thus 
Ty = 1.528 X 105C?2 °K...... [29] 


If EZ is the energy production of a single binary reaction, 
then the rate of energy production Q per unit vol per unit 
time is obviously 


Q = EN (30 
3 Example: Deuterium Reaction 
| Because of the abundance, of deuterium as a naturally 


occurring stable isotope of hydrogen, it is of interest to con- 
sider the burning of deuterium. The accurate reaction data 
were given recently by Arnold et al. (5) 


tory coordinate system, and B’ = 288 barns-kv, C’ = 45.7 


kv Since the ¢ in [22] is the relative kinetic energy de- 
fine by (5) and the ratio of deuterium mass and the reduced 
mass is 2 in a deuteron-deuteron reaction, 


Therefore, by using Arnold’s data, the reaction constants B 
and C are 


B = B’/2 = 144 barnes-kv 


C=C'/V2 = 32.36kv'............ [34] 


Equation [29] immediately gives the optimum temperature 
T, for deuteron-deuteron reaction as 


T, = 1.600 X 108° K.... [35] 


According to Arnold et al., the deuteron-deuteron reaction 


branches, with almost equal probability, into two reactions 


iH? + —> + ip! 


+ ,H? — + on!....... 


A(,H2) = 2.014735 ) 
| 
A(,H?3) = 3.016997 | 
A(gHe*) = 3.016977 [38] 
= 1.008142 | 
A(on) = 1.008982 | 
The reaction [36] then produces - 
2 X 2.014735 — (3.016997 + 1.008142) = 0.04331 amu = Be 
4.03 Mev = 6.46 X 10-%ergs...... [39] 


‘he reaction [37] produces 


2 X 2.014735 — (1.008982 + 3.016177) = 0.003511 amu 
3.27 Mev = 5.24 X 10-*ergs...... [40] 


However, in a thermonuclear reaction chamber, [36] and 
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For numerical computation, P is usually given in atmos- 
Thus 


[37] do not represent the end of reactions. 


The reaction 


products are immediately thermalized by elastic collisions 
with other particles; then the following reactions are possible 


2He® + ,H? + jp'........ [43] 


At first sight it seems that the reaction [41] depending upon 
both components of the reaction products of low concentra- 
tion will be very much less frequent than [42] and [43] de- 
pending upon only one component of reaction product. 
However at thermal energies corresponding to temperatures 
of the order of 108 K, the cross section of [41] is of the order of 
10 barns, while according to Arnold (5), the reaction cross 
sections of [42] and [43] are very much smaller. Therefore 
[41] is in fact the only reaction of importance while [42] 
and [43] can be neglected. 


average energy production EF for every deuteron-deuteron 
reaction is according to [39] 


E = 6.46 X 10~* ergs 


is thus 


6.46 X X 2.388 XK 10~* K 0.605 


4.029 — eal/gr 


2.31 X 10" cal/gr 


Now assume 7' = 7) = 1.600 X 108 K, P = 100 atm. 
feed gas D,» will be completely ionized at this temperature, 
and reacting mixture will be composed initially of equal 
numbers of deuterons and electrons. Thus » Ve 1/5, 
s = 2. Then using [24], [26], [30] the energy production 
Q per unit vol per unit time is 


1.160 10-" 144 
Q = 6.46 X x 


2 1.600 108 
x 10% 2 x 8.316 X 107 X 1.6 X 105 
1.600 X 108 \ 3 3 X 1.007 
e-8 ergs/cm’ sec = 0.365 X 108 ergs/cm’ sec = 


3.65 watts/em* = 0.874 cal/em? sec [46] 
It is interesting to note that this volume rate of energy 
generation is only !/j9 of the rate of generation as in a modern 
aircraft gas turbine combustion chamber using hydrocarbon 
fuel. Therefore in spite of the extremely high temperature, 
thermonuclear reaction using deuterium is a relatively slow 
reaction. The reason for this anomaly is the extremely low 
density of the hot gas: There simply are not enough deuterons 

- in a unit volume to give high reaction rate. However, as 

_ Sanger (1) has shown, other nuclei generally give even lower 

_ rates of energy production. 


The moderate volume rate of energy production together 
with the extremely high gas temperature naturally call ones 
attention to the problem of quenching of the “flame” by ex- 
cessive cooling. This problem is in fact the central problem 
of thermonuclear reaction chamber. There is certainly a 
critical size, say a critical diameter, of the reaction chamber 
below which the reaction cannot be maintained. As a very 
rough first estimate, one may take the chemical combustion 
as a model, and use the mean free path as the sizing length. 
Because of the relatively slow thermonuclear reaction, the 
chemical model should be one of poor reactivity. Thus the 
quenching diameter at atmospheric pressure can be taken as 
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This being the case, then even- 
tually all of the deuteron-deuteron reaction really results in 
the production of tritium according to [36]. Therefore the 


The energy produced by burning a unit mass of deuterium 


The 
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lem. The pressure effect on quenching can be thought of as a 
Reynolds number effect. Then the quenching diameter at 
100 atm will be 4/1 cm. To translate this value to thermo- 
nuclear reaction chamber, one notes the fact that the ratio of 
mean free path for the two cases is approximately 106. Thus 
the rough estimate of the critical diameter D, of the reaction 
chamber is 


D, = = X 10° cm = 100 meters......... [47] 


If the length is to be ten times the diameter, then the thermo- 
nuclear reaction chamber is a vessel of 100 meters diam and 
1000 meters long built to withstand a pressure of 100 atmos- 
pheres! 

To examine the quenching problem in some detail, one must 
first estimate the mean free path of the fully ionized mixture 
of deuteron and electron. If n is the particle density, and if 
o, is the scattering cross section of the particles, then the 
general equation for the mean free path / is 


For fully ionized particles, the cross section ¢, can be com- 
puted approximately according to Lin, Resler, and Kantro- 
witz (6) as 


By taking 7 = 108 K, oc, from [49] is equal to 4.00 x 10~*° 
cm?, Then [48] gives a mean free path of 1 = 603cm. With 
such a large free path, the transfer of energy by collisions is 
extremely slow and inefficient. To improve the chances of 
collision, some particles of larger size must be introduced, 
e.g., atoms of heavier elements. The heavier atoms can have 
their outer electrons stripped (ionized) at the prevailing high 
temperature, but since some electrons remain attached to the 
nucleus, the size of the partially ionized atom can still be of 
the order of A. Then such particles will be a scattering cross 
section of the order of 10~'* cm?. Even with only one per 
cent of such heavier elements in the mixture, the mean free 
path will be brought down to a few centimeters. This is in- 
deed the mean free path used in the size estimate of the pre- 
ceding paragraph. Needless to say, the heavier atoms in- 
troduced must not capture neutrons appreciably so as not to 
interfere with the very important energy producing reaction 
of [41]. 

However, even with the presence of heavy partially 
ionized atoms, the mixture will be still practically transparent 
to high energy neutrons generated by reaction [37]. The 
energies carried by them cannot then be “kept” in the gas by 
collision, but rather are received directly by the walls of the 
reaction chamber. This is a direct energy leak and makes 
the quenching problem very much more difficult. In fact, 
out of the reaction [37], only the kinetic energy of ,He? is 
kept within the gaseous mixture. This energy is only 1/;, 
of the total given by [40], or 1.31 X 10-* ergs. The energy 
produced by the reaction [36] is of course retained in the 
gaseous mixture and is equal to the difference of energies 
given by [39] and [40] or 1.22 x 10-* ergs. Hence 50 per 
cent of the deuteron-deuteron reactions have an effective 
energy production of only 


(1.31 + 1.22) X 10-* = 2.53 K 10-ergs...... [50] 


The average of the reaction energy kept in the mixture is thus, 
using [39] 

1 

3 [2.53 + 6.46] X 10-* ergs = 4.50 XK 10-6 ergs... [51] 
Compared with gross energy production given by [44], this 
is only 69.6 per cent; 30.4 per cent of energy produced is 
delivered directly to the solid walls of the chamber. 
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Out of the energy kept in the reacting mixture, given by 
[51] for one single binary reaction or 


1006 K 410” 


a good fraction will be absorbed by the reacting deuterium 
in entering the flame: The deuterium gas is heated, disso- 
ciated, and finally ionized to reach the full flame tempera- 
ture of say 1.600 X 108K. According to Sanger (1), to heat 
up to this temperature, the deuterium takes up approximately 


10° cal/gr = 0.1 X 10" cal/gr........... (53] 


Now the crucial question is: how many grams of deuterium 
have to be heated in order that one gram of deuterium will 
be burned to completion? In other words, what is the com- 
bustion efficiency of the flame in the reaction chamber? By 
comparing [52] with [53], it is seen that if 16.06 grams of 
deuterium have to be heated to flame temperature to get one 
gram of deuterium burned, then there will be no heat left to 
be conducted and radiated to the wall through the gaseous 
mixture. But there must be heat conducted and radiated 
to the wall because the wall, being necessarily of solid ma- 
terial, must be at a temperature, say 2000 K, which is very 
much lower than the flame temperature of 1.600 < 10° K. 
This shows that the ratio of mass to be heated and actually 
burned must be less than 16.06. 

For lack of more accurate information, consider a combus- 
tion efficiency of the flame zone to be 1/5. That is, six 
grams of deuterium have to be heated to have one gram 
actually burned. Then the energy available for conduction 
and radiation to the wall per gram of deuterium burned is, 
according to [52] and [53] 


(1.606 — 6 X 0.1) X 10” cal/gr = 1.006 X 10" cal/gr. . [54] 


Therefore, by comparing with [45], only less than one-half 
of the gross energy production is available for “cooling” 
loss. In fact, with [46], the “cooling” loss energy Q, pro- 
duced per unit vol of flame per unit time is 


Q. = X 0.874 cal/cm* sec = 0.382 cal/cm? sec . . 
Now let it be assumed that the flame in the 100 m diam reac- 
tion chamber be a cylindrical volume of some 60 m diam and 
120 m long. Then within this 120 m of flame, the wall will 
receive by conduction and radiation through the mixture, a 
heat flux density g, equal to 


4 x 6000? X 0.382 
= = 343 cal/cm? sec 


x X 10,000 


[55] 


= 8.75 Btu/in.? sec... . [56] 


This corresponds to a black body radiation at 3990 K. 

The question is, of course, whether the heat flux q, ac- 
tually equals that given by [56]. For the specified condi- 
tions in the reaction chamber, if the actual g, is larger than 
[56], then the critical reaction chamber diameter must be 
larger than the assumed 100 m. If less, then the critical 
diameter can be smaller. Therefore, one of the basic prob- 
lems of thermonuclear reaction chamber design is the calcula- 
tion of g, or radiation heat flux through a gas layer of variable 
composition and variable temperature. The technical com- 
plication here is, of course, the fact that here the radiation 
mean free path is large in comparison with the physical di- 
mensions and therefore the simple method developed by astro- 
physicists for the interior of stars is not applicable. On the 
other hand, all essential basic information required for the 
calculation is now available. The problem is thus only com- 
plicated but not insurmountable. But, in any event, the 
flame is almost transparent due to the low density and almost 
complete ionization. In fact, within the flame, radiation 
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will come almost only from the specially introduced heavy tion system for removing the nuclear “ash.’’ The purified 


atoms which are, however, of very, very low density. There- gas will contain of course mainly Ds, but also has a very 
fore, the flame, although of extremely high temperature, is a small concentration of H, and T, produced by reaction [36] 
relatively weak radiator. Hence the comparatively low ef- and [41]. This gas together with small amount of make- 
fective black body temperature of 3990 K may not be far from up D, to replace the deuterium burned is then compressed 
being correct. to high pressure and fed through the porous wall back to the 


reaction chamber. This then completes the cycle of the 
power plant. Fig. 1 is a diagram representing the com- 


5 Thermonuclear Power Station 
ponents and the process of the system. 


The part of energy directly transmitted to the wall by fast Of course, by cycling the gaseous mixture repeatedly 
neutrons is the difference between [45] and [52]; thus the through the reaction chamber, the concentration of H» and 
total energy flux to the wall q is T. will build up and eventually participate importantly in 

ee ’ the energy production through reaction [42], and other 
tiiaeia — 1.606 reactions. These reactions actually produce the nuclear ash 
2.31 | eHe*. Finally the composition of feed gas to the reaction 
10,000 chamber will be stabilized at a fixed ratio of Hz, De, and 
indi ine ‘ with the production of H and T by reactions [36] and [41] 
157] balanced by consumption of H and T through reactions [42] 
Although nearly one-half of this energy is realized by slow- and others. Then the over-all result is that of feeding in 
ing down the fast neutrons and is thus distributed in a layer deuterium D,. and taking out »He*. Thus the reaction 
of wall material, not merely delivered at the surface of the chamber effectively converts deuterons to helium according to 
wall, nevertheless the tremendous heat density poses a cool- : 
ing problem which cannot be solved by conventional cooling 1H? + 1H? — sHe* + energy......... 58} 
methods. It seems that the only feasible method is that of and the energy produced per gram of deuterium burned is 
transpiration cooling. That is, the wall is made of porous very much larger than given by [45]. Furthermore, in this 
material, say porous carbon or graphite, and cold deuterium final stage the reaction scheme is considerably more com- — 
gas is foreed by pressure through the wall into the reaction plicated than that discussed in Section 3 and the volume rate | 
chamber. Heat in the wall is picked up by the coolant gas of energy generation and heat flux must be somewhat dif-— 
and returned to the reaction chamber. By using a large ferent from that calculated previously. However, these — 
enough quantity of coolant gas, the wall temperature can be valculations will not be attempted here since the purpose of | 
kept at the desired low temperature of, say, 2000 K. In fact, this study is merely to give a general outline of the problem. — 
the application of transpiration cooling to nuclear reactors 
has already been considered by Kaeppeler (7). He, however, ° Te 
has not included the important “spacing heating’ effects of 6 Ignition 


neutron slowing-down. 

Behind the section of reaction chamber occupied by the 
flame zone, the heat flux due to neutrons is greatly reduced; 
then the coolant gas forced into the reaction chamber merely 
serves to lower the temperature of the gas from the flame zone 
(exhaust gas). At the end of the reaction chamber, the tem- 
perature across the chamber cross section should be fairly 
uniform and at, say, 1000 K. The discharge pressure of this 
body of hot gas is of course essentially the chamber pressure 
which is taken to be 100 atm in the above discussion. The 
high pressure hot gas can be used to generate power through a 
gas turbine. It is perhaps worth while to note that the pro- 
duct gas is expected to contain only the weakly radioactive 
iH* and thus should give no difficulty for the power generat- 
ing machinery. The exhaust from the turbine after being 


According to the studies made by Singer (1), the ignition | 
temperature, i.e., the temperature at which the rate of energy | 
production is just balanced by the rate of energy lost, mainly | 
through radiation, with the deuteron-deuteron reaction is | 
approximately 107 K. Naturally the question is how can © 
the thermonuclear reaction be initiated by heating the gaseous _ 
mixture to this very high temperature. Before the advent — 
of nuclear fission and the fission bomb, such high tempera- — 
tures seemed unapproachable. But now this is definitely not 
so. It may even be possible to obtain ignition without using 
the fission reaction. But at the moment, one can only say 
that ignition of the thermonuclear reaction is certainly pos- 
sible; no detailed scheme can, however, be suggested. 


cooled by heat exchanger will pass through the waste extrac- 7 Thermonuclear Power Industry 
var The rate of energy production Q according to [46] is 0.00365 
ar _™ kw/em? in the flame zone. If, as assumed previously, the 
iw GAS ‘ GAS flame zone is a cylinder of 60 m diam and 120 m long, the 
D, + ,H’+,He total energy production is 


0.00365 X (1/4) X 6000? X 12,000 = 1.238 X 10° kw. [59] 


0, 
MAKE-UP If the thermodynamic efficiency of the power plant cycle is 
25 per cent, the power of the station is 
REACTION | | . 
CHAMBER | | ” 0.25 X 1.238 X 10°kw = 0.309 X 10°kw...... [60] 
100 ATM. D, 100 ATM. 
He" Thus continuous operation of the plant will product annually 
a electric energy of the amount 
SEPARATOR HEAT 
0.309 X 10° X 24 X 365 = 2.71 X 10% kw hr... [61] 
WALLS TRANSPIRATION j 
+——TT coocen with 0, ; In 1954, the annual electric energy production in the United 
_ States was approximately 0.5 X 10!kwhr. Thus in one ther- 
ha - monuclear power plant, perhaps one of minimum size, the 


fans vel capacity is over five times the total effective capacity of the 
United States! This points to the extreme importance of 
determining the critical quenching size of the thermonuclear 


Fig. 1 Schematic diagram of thermonuclear power station reaction chamber accurately. The speculations in the pre- 
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ceding sections are based upon an assumed diameter of 100 m 
for the reaction chamber. Smaller size and lower flame tem- 
perature will naturally reduce the scale of the power plant. 
However for the deuteron-deuteron reaction, the ignition 
temperature is roughly 10’ K. For steady burning, the 
flame temperature cannot be below this temperature. 

To conclude this discussion, comparison of thermonuclear 
energy and other energy sources will be made: According to 
[45], the fusion energy of deuterium is 


2.31 X 10 X 1.8 Btu/lb = 4.16 X 10” Btu/Ib of Dz. .. . [62] 


The fission of one pound of U-235 gives 3.14 X 10 Btu. 
Therefore fusion energy is almost 4/3 times as large as fission 
energy. Since the natural isotope concentration of deu- 
terium in hydrogen is 1:7000, in terms of natural hydrogen, 
the fusion energy is 


(4.16 10)/7000 = 
or, referred to water 
(5.94 X 10)/9= 6.60 X 10° Btu/Ilb of H.O...... [64] 


If the average chemical energy of coal is taken as 11,000 Btu/ 
Ib, one pound of water is potentially equivalent to sixty pounds 
of coal! But even all this is based upon only partial burning of 
deuteron to triton and proton. With complete burning into 
»He*, the thermonuclear energy of deuterium will be still larger. 
Therefore, if thermonuclear power plants can actually be con- 
structed, then the source of fusion energy far exceeds the other 
terrestial energy resources, chemical or fission. 


5.94 X 10° Btu/Ib of hydrogen. . [63] 
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Comments on Hsue-shen Tsien Paper' 
JESSE L. GREENSTEIN? 
Mount Wilson and Palomar Observatories, Pasadena, Calif. 


R. TSIEN had little contact with physicists or astrono- 

mers during his studies of a thermonuclear power plant, 
so that the methods used in his derivation of reaction yields 
are not the most modern. The concept of effective collision 
diameter [9, 11] is far from precise; however, as pointed out 
following [22] it is necessary to fit the experimental data em- 
pirically, so that essentially only the forms of [16, 22] are 
needed. This fitting, or even a different integration method, 


(Continued on page 575) 


1 Prof. Greenstein had been asked by the editors to review the 
Tsien paper. His report recommended that it be published, but 
he expressed reservations about some aspects of the analysis. 
Because of Dr. Tsien’s absence from the country, the points at 
issue could not be resolved in the usual manner by private corres- 
pondence. Accordingly, Prof. Greenstein gave us his permission 
to publish his comments, and it is left to the reader to form his 
own conclusions. 

2 Professor, California Institute of Technology. 
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Stratosphere 


DAVID G. SIMONS! 


Experiments requiring exposure of animals to primary 
cosmic radiation at altitudes above 90,000 ft on 24-hr 
balloon flights have led to the development of environ- 
mental control techniques. Simple methods for supply- 
ing oxygen and removing carbon dioxide were developed. 
Internal capsule temperatures have been maintained at 
very nearly room temperature on 24-hr flights by pro- 
viding adequate insulation to use animal heat at night, 
and ly cooling the capsule with a water-can cooler during 
the daytime. 

Gel 
Introduction 
HE frontier of manned controlled flight is inexorably 
ascending, penetrating one-by-one, atmospheric condi- 
tions which are biologically equivalent to space. The life- 
supporting function of atmospheric pressure is equivalent to 
space above 63,000 ft. The protecting blanket of air which 
prevents penetration of primary cosmic particles below 75,000 
ft becomes space equivalent in this respect above the 120,000- 
ft region. When the nature of primary cosmic particles in 
the upper stratosphere was first established about five vears 
ago, Schaefer (1)? and Tobias (2) calculated the biological 
hazard they might pose. All but a few of the slowest and 
lightest nuclei constituting primary cosmic radiation are too 
heavy and energetic to be duplicated by even the most 
modern nuclear accelerators. For instance, they cannot 
produce one billion electron volt (BEV)/nucleon iron nuclei 
which are an example of the minimum energy heavy particles 
that are considered most hazardous biologically. 

The known engineering problems challenging flight in the 
upper stratosphere are formidable. It is of paramount im- 
portance that questions such as the necessity and practica- 
bility of shielding from cosmic ray primaries be resolved, 
especially if it can be proved that no serious hazard to manned 
flight exists for at least limited periods of time. During the 
past four years, the Aero Medical Field Laboratory of Hollo- 
man Air Development Center, N. Mex., has been conducting 
balloon-borne biological experiments to determine experi- 
mentally the degree and nature of this hazard. 

The animals selected for the experiments: hamsters, mice, 
guinea pigs, and monkeys, require more exacting environ- 
mental control than men. They cannot pull on a jacket if it 
becomes uncomfortably cold, nor can they adjust controls 
to suit their needs. The animal capsules were designed to 
maintain a minimum pressure of 13 to 14 psi, and tempera- 
tures between 65 and 80 F. Carbon dioxide absorbing ap- 
paratus was used, but no special consideration was given to 
humidity control. It was not found necessary. 

The design of the animal capsule (3, 4) was determined by 
equipment available, and by the requirement for a minimum 
mass of absorbing material above the specimens to permit 

Presented at the Annual Meeting ARS, Chicago, IIl., Nov. 
14-18, 1955. 

Ms ajor, USAF(MC), Chief, Space Biology Branch, Aero 
Medical Field Laboratory. Mem. ARS. 
- Ist Lt., USAF, Chief, Space Biophysics Section, Aero Medical 
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Balloon Flights 


w ste 


and DRUEY P. PARKS? 


Fig. 1 View of AMFL capsule loaded for flight showing from 

above down: aluminum cover containing the temperature and 

pressure coder and recorder, oxygen demand valve, and boxes of 

experimental specimens; load plate carrying wedge-shaped 

cages loaded with black mice; and aluminum bottom section 

containing tube of soda lime, batteries, and water-can cooler in 
the center 
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maximum exposure to cosmic particles. To obtain the most 
exposure possible, each flight was usually designed for 24- 
to 30-hr duration. Balloon performance (5) is strongly de- 
pendent upon payload weight; therefore, each control tech- 
nique and every change in design was critically evaluated to 
obtain maximum reliability with minimum weight. 

The animal capsule illustrated in Fig. 1 consists of two 
1/3-in.-thick hemispheres of spun aluminum which sea] be- 
tween them a load plate that carries the experimental ani- 
mals. The 24-in. diam pressurized sphere is enclosed in a 
2-in.-thick cover of styrafoam or lockfoam to provide thermal 
insulation. Oxygen cylinders are attached to the load har- 
ness which forms a sling that carries the capsule on the balloon 
load line. 


Temperature Control 


Temperature control considerations are influenced pro- 
foundly by the fact that heat equilibrium at troposhere pres- 
sures is established largely by air conduction whereas, in the 
upper stratosphere, it is determined almost exclusively by 
radiation. Conductive heat exchange between the capsule 
and the air above 100,000 ft has proved negligible. At the 
earth’s surface, air temperature and rate of air flow are very 
significant factors in determining capsule temperature, but in 
the upper stratosphere they make little difference. 

Measurements of surface temperatures on a capsule float- 
ing at altitude showed that during the daytime the top and 
bottom temperatures were about 130 and 30 F, respectively, 
while at night they averaged about — 100 and —50 F, (6). The 
number and altitude of clouds influenced the bottom tem- 
perature considerably. Clouds during the daytime increased 
the temperature, and clouds at night decreased it. At night, 
the altitude of the clouds made a marked difference; the 
higher and colder the clouds, the colder the bottom surface 


of the capsule. Thus, temperature control for a daytime 
8-hr flight, poses an entirely different problem than control 
for a continuous 24-hr flight, since the same system must then 
handle both the day and night situations. 

The temperature record obtained from AMFL Flight 
No. 61 (Fig. 2) is an excellent example of a day flight of an 
insulated, aluminum-surfaced sphere floating in the upper 
stratosphere without any internal beat source. The capsule 
was chilled during its ascent through the —60 F heat con- 
ductive air of the tropopause between 40,000 and 60,000 ft. 
At floating altitude of approximately 130,000 ft, the capsule 
surface radiation equilibrium temperatures averaged about 
room temperature—proved by its stable internal temperature 
of 68 F. At night such a capsule would become insufferably 
cold, and it would become insufferably hot during the day 
if more than a few heat-producing animals were placed in it. 

Experience proved that three inches of styrafoam or lock- 
foam insulation was sufficient to keep a capsule full of mice or 
guinea pigs comfortable at night without any additional heat 
source. With a method for removing the heat produced by 
the animals during the daytime, excellent temperature con- 
trol could be expected throughout a 24-hr flight. 

A refrigeration system was devised based on the fact that 
water boils at least ten degrees below room temperature at the 
low atmospheric pressure found above 90,000 ft. In fact, 
theoretically at 112,000 ft it boils at 32 F. The can is simply 
vented to the outside so that it will remain cold at altitude. 
The system used is illustrated in Fig. 3. The cooler water 
can is placed in an insulated chamber below the animals. 
Whenever the animal chamber above becomes too warm, a 
thermostat activates a blower which circulates the warm air 
around the cooler-can. Since each gram of water that boils 
away takes nearly 600 calories with it, this has proved to be 
a very efficient cooling system. 
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Fig. 2 Records of internal capsule temperature during a daylight flight without internal heat source or cooling (flight #61) and during 
a 24-hr flight with animals and the thermostatically controlled cooling system (flight #65) 
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Fig. 3 Schematic of AMFL animal capsule showing the oxygen 
supply and water-can cooling systems 


The temperature record of AMFL Flight No. 65 (Fig. 2) 
shows the control obtained on a flight carrying 12 guinea 
pigs above 95,000 ft for 24 hr. The temperature oscillations 
occurring approximately every 15 min are the result of vary- 
ing length of duty cycles of the cooling fan which was op- 
erated by a hypersensitive thermoswitch. The cooling fan 
was on continuously from 1345 to 2030. The variation in 
heat load between the morning and afternoon is apparently 
due to variations in cloudiness beneath the balloon. The 
morning was clear, the afternoon broken cloudy. The cool- 
ing fan operated only once during the night at 0045, in spite 
of the sensitive thermoswitch and warm recorded tempera- 
ture. Most likely it did not operate more frequently be- 
cause the thermoswitch was much more closely coupled, 
thermally, to the aluminum capsule wall than the recording 
element. The wall temperature is considerably below capsule 
air temperature at night since it is the primary means of heat 
loss from the capsule. During the daytime the upper half of 
the capsule wall represents a heat source since the outer sur- 
face temperature is 30 or more deg warmer than the capsule 
air temperature. 


Carbon Dioxide Absorption 


Approximately 85 per cent of the volume of oxygen consumed 
by mammals is exhaled as carbon dioxide. The maximum 
tolerable level within the capsule is about 3 per cent. Thus 
it can be seen that a continuously operating reliable system 
for removal of carbon dioxide is essential. The commonest 
and most readily available absorbent is soda lime. Deli- 
quescing materials such as potassium hydroxide were con- 
sidered unsatisfactory because of difficulty controlling the 
highly corrosive liquid produced. Granular lithium hy- 
droxide, which has been used in other applications, would 
offer a saving in weight, although it is considerably more ex- 
pensive. 

The absorbent material was simply placed 
containers on early flights carrying relatively few animals. 
With increasing animal loads, it became necessary to use a 
forced draft system to insure efficient utilization of the ab- 
sorbent. A simple fan blower forced air through a poly- 
ethylene tube filled with soda lime. This technique has 
proved very satisfactory and reliable. 


screened 


Humidity 


The necessity to control humidity, from a purely medical 
point of view, depends directly on temperature. At low 
room temperatures, a high relative humidity causes little 
discomfort. When ambient temperature approaches body 
temperature (above 95 F) a high relative humidity becomes 
critical. 
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Under flight conditions the capsule humidity dropped — 
during the warm daytime, and increased only at night when 
the capsule was cool, making increased humidity tolerable. 
By carefully minimizing factors that increased humidity, 
and taking advantage of factors which decreased it, no special 
humidity absorbing device was required. : 

The sources of water vapor within the capsule were ex- | 
pired air and urine, the latter being much the larger source. — 
Therefore, urine was held by an absorbent pad placed between _ 
the cages and the nonporous load plate, permitting evapora-_ 
tion upward only. 

Water vapor was precipitated on the cooler can, capsule — 
walls, and absorbed by the carbon dioxide absorber. Opera-— 
tion of the water-can cooling system during the daytime > i 
maintained the relative humidity between 60 and 80 per cent. => 
This occurred because the warm air from the animal chamber — 


(see Fig. 3) was circulated around the water can which was | 
20 to 40 deg cooler. Condensed water was drained to an— 4 
absorbent pad capturing it as a liquid to prevent its return’ ; 
to vapor. At night the heat produced by the animals was — 
lost entirely through the capsule walls. As this situation — f 


reached equilibrium, the capsule walls became 5 to 10 deg 
cooler than the air in the capsule. Water condensing on ' 
these walls held the relative humidity between 90 and 95_ 
per cent. The soda lime carbon dioxide absorbing unit was i 
adjusted to a low rate of air flow. both to minimize battery 
drain and to prevent saturation of the absorbent with water 
vapor. 

By contrast, the situation in the capsule after landing on 
the ground is critical, both for heat and humidity control. 
The water-can cooler is inoperative below 80,000 ft. The 
warm air and sunshine on the surface of the capsule add heat 
so that the capsule walls are warm, not cold, permitting the 
relative humidity to approac ‘h 100 per cent at at the same time 
the temperature is quickly rising. eis 

Oxygen Supply 

Arbitrarily selecting a minimum tolerable oxygen par- 
tial pressure of 80 mm of Hg and considering the vapor ten- 
sion of water, minimum capsule pressures for atmospheres of 
various oxygen percentages are presented in Table 1. The 
minimum pressure indicates the approximate pressure which 
must remain in the capsule to prevent the animals from ex- 
periencing hypoxia. 


Table 1 O.% and pressure of capsule atmosphere provid- 
ing sea level alvcolar oxygen partial pressure 


Oxygen % Capsule pressure psi 
14.7 
100 3.6 


Thus, an intracapsular atmosphere of 100 per cent oxygen 
at 15 psi provides oxygen for the animals for an additional 
four hours. However, a pure oxygen atmosphere poses a 
very serious fire hazard, and most mammals develop pul- 
monary congestion when subjected to more than 80 per cent 
oxygen atmosphere at 15 psi for more than 12 to 24 hr. A 
50 per cent oxygen atmosphere has been selected as a fair 
compromise among the various factors. 

It is interesting to note that in the closed system employed 
on these flights the percentage of oxygen should not change, 
if a constant pressure is maintained from a pure oxygen 
source. Oxygen within the capsule is metabolized by the 
animals to carbon dioxide and water. The gaseous com- 
ponent, CO:, is then absorbed completely by soda lime re- 
sulting in a pressure deficit due entirely to loss of oxygen 
which is replaced by pure oxygen. The nitrogen is neither 
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metabolized, nor released in significant amounts. The 
percentage of atmospheric oxygen increases only if there is a 
leak in the capsule permitting the escape of nitrogen which is 
replaced by oxygen. 

Numerous methods of supplying oxygen have been con- 
sidered. First, the capsule was simply flushed to 100 per 
cent oxygen and pressurized slightly. This technique per- 
mits a few animals to be encapsulated for a day or two, or a 
full load of animals for five hours. Whenever the internal 
capsule pressure has dropped to less than about 8 psi by the 
time of descent into denser atmosphere, the capsule has been 
crushed by external pressurization. Standard Air Force 
oxygen cylinders using both 1800-psi and 450-psi working 
pressures were considered. The high pressure cylinders 
represented no weight saving and introduced a filling prob- 
lem. The greater bulk of the 450-lb cylinders was no prob- 
lem when they were mounted outside the capsule. Liquid 
oxygen saved very little weight because of the small quantity 
required, would be more complicated to handle, and pre- 
sented a logistic problem. Fig. 3 shows a diagram of the 
oxygen system used. Standard Air Force D-2 and G-2 
cylinders were used, depending upon the volume of oxygen 
required. The cylinders were connected to each other and 
to the capsule by flexible hose so that the oxygen lines would 
not be broken at the time of landing. A series of failures 
was experienced using copper tubing. The pressure demand 
valve in the capsule was a two-stage unit which maintained 
capsule pressure within one psi even though cylinder pres- 
sure varied from 35 to 450 psi. 
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The Application of the Shock Tube to the Study of 
Problems of Hypersonic Flight 


(Continued from page 554) 


than can be obtained in the conventional shock tube. This 
possibility is of special interest for materials testing because 
it could be applied to the development of a short duration 
blowdown tunnel with high stagnation temperature condi- 
tions. The flow entering the tunnel would remain relatively 
uniform for much longer periods of time than could be ob- 
tained in the conventional hypersonic shock tunnel. It is 
possible, using this tailored method, to obtain testing times 
per foot of shock tube six times as long as can be obtained in 


| 


ar 


the previously described conventional shock tunnel (8), 
A program is currently being undertaken at Cornell Aero- 
nautical Laboratory to investigate the possibility of using a 
shock tube of this nature for materials testing ie isang 


References 


1 Hirschfelder, J. O., and Curtiss, C. F., “Thermodynamic 
Properties of Air,’’ University of Wisconsin, NRL Reports 
CM-472 and CM-518, 1948. 

2 Hilsenrath, J., and Beckett, C. W., “Thermodynamic 
Properties of Argon-Free Air (0.78847 Ne, 0.21153 O2) to 15,000° 
K,”’ National Bureau of Standards Report 3991, April 1955. 

3 Christian, R. H., Duff, R. E., and Yarger, F. L., “Equa- 
tion of State of Gases by Shock Wave Measurements 2—The 
Dissociation Energy of Nitrogen,’’ Journal of Chemical Physics, 
vol. 23, Nov. 1955, pp. 2045-2049. 

4 Squire, W., Hertzberg, A., and Smith, W. E., ‘Real Gas 
Effects in a Hypersonic Shock Tunnel,’’? Cornell Aeronautical 
Laboratory Rep. AD-789-A-1, AEDC-TN-55-14, March 1955. 

5 Libby, P. A., and Bloom, M. H., “Facilities for Experi- 
mental High Speed Aerodynamic Research at the Polytechnic 
Institute of Brooklyn,’’ Proceedings of the Conference on High 
Speed Aeronautics, Polytechnic Institute of Brooklyn, Jan. 20-22, 
1955, pp. 363-373. 

6 Steinmetz, C. P., “Theoretical Study of Nitrogen Fixation 
by the Electric Arc,’’ Chemical and Metallurgical Engineering, 
vol. 22, 1920, pp. 299-304. 

7 Resler, E. L., Lin, S. C., and Kantrowitz, A. R., 
“The Production of High Temperature Gases in Shock 
Tubes,” J. Applied Physics, vol. 23, Dec. 1952, pp. 1390-1399. 

8 Hertzberg, A., Smith, W. E., Glick, H. S., and Squire, W., 
“Modifications of the Shock Tube for the Generation of Hyper- 
sonic Flow,’’ Cornell Aeronautical Laboratory Report no. AD- 
789-A-2, AEDC-TN-55-15, March 1955. 

9 Hertzberg, A., and Smith, W. E., 
ating Strong Shock Waves,”’ 
Jan. 1954, p. 130. 

10 Rudinger, G., “Wave Diagrams for Nonsteady Flow in 
Duets,’’ D. Van Nostrand, New York, 1955. 

11 Hertzberg, A., “A Shock Tube Method of Generating 
Hypersonic Flows,”’ J. Aero. Sci., vol. 18, Dec. 1951, pp. 803-805. 

12 Glick, H. S., Hertzberg, A., and Smith, W. E., “Flow Phe- 
nomena in Starting a Hypersonic Shock Tunnel,’’ Cornell Aero- 
nautical Laboratory Report no. AD-789-A-3, AEDC-TN-55-16, 
March 1955. 

13. Blackman, V. H., “Vibrational Relaxation in O. and No,” 
Princeton University, Department of Physics, Technical Report 
II-20, May 1955. 

14 Chabai, A. J., and Emrich, R. J., ‘“‘“Measurement of Wall 
Temperature and Heat Flow in the Shock Tube,”’ Journal of 
Applied Physics, vol. 26, June 1955, pp. 779-780. 

15 Bendersky, D., “‘A Special Thermocouple for Measuring 
Transient Temperatures,’ Mechanical Engineering, vol. 75, 
Feb. 1953, pp. 117-121. 

16 Vidal, R., “Model Instrumentation Techniques for Heat 
Transfer and Force Measurements in a Hypersonic Shock Tun- 
nel,’’ Cornell Aeronautical Laboratory Report no. AD-917-A-1, 
Feb. 1956. 

17 Glick, H. S., Squire, W., and Hertzberg, A., “A New 
Shock Tube Technique for the Study of High Temperature Gas 
Phase Reactions,’ Fifth Symposium (International) on Com- 


“A Method for Gener- 
Journal of Applied Physics, vol. 25, 


bustion, Reinhold, New York, 1955, pp. 393-402. 

18 Romig, M. F., “The Normal Shock Properties for Air in 
Dissociation Equilibrium,’’ J. Aero. Sci., vol.’ 23, Feb. 1956, pp. 
185-186. 


= 


JET PROPULSION 


An e 
the pr 
ous H 
scribee 
range 


temipe 
gaseou 


= 


<3 


— 


Subse 


O» 
PO 


nm 
ou 


centrat 

Mor 
higher 
becom: 
researc 
fore, tl 
entrop: 

To | 
diagrai 
the refi 

The 


Rece 
1 Chi 
Develo 
?Nu 


é 
- 
+ 
| 
we 
al 
= JULY 


Products of Aqueous Hydrogen Peroxide Solutions r 
90 Weight Per Cent H,0, Content 


4{n enthalpy-entropy (Mollier) diagram was designed for Weight Fraction (a) and Mol Fraction (x) of 
the products of decomposition of 90 weight per cent aque- Decomposition Products 
ous H,0, solution. The method of calculation is de- a 
scribed. Metric technical units were used. The pressure The equation of decomposition of pure H.Oz is 7 
ge covered is 0.1 to 100 k . Reference state is 0 C : 
ps kg/em* liquid and (H:02)tiq = (H2O)tia + 1/2(O2), 
23,200 cal (at OC, 1 atm).....[1] 


gaseous ox yeen. 
Nomenclature 


PO-90 decomposes into the weight fractions 


an.0 = 0.900 (0.5296) + 0.100 = 0.5766 


ao, = 0.900 (0.4704) ; = 0.4234 
a = weight fraction of a component at 
ata = technical atmosphere = 1 kg/cm? absolute , 1.0000 
h =enthalpy, kcal/kg, reference state: 1 = 0° C, p = 0, The mol fractions are 
liquid H,O wa 
In = natural logarithm = 0.7075 
log = decadic logarithm | >: 20. = 0.2925 
M = molecular weight, kg/mol 1.0000 
p = partial pressure, ata = kg/cm? absolute ‘ 
P = total pressure, P = pao + Pox sum of partial pressures Assuming Dalton’s Law to hold accurately, which is the 
s = entropy, keal/kg -deg C, reference state: ¢ = 0° C and case only with perfect gases, the fractional partial pressure 
P = | ata, liquid H.O 
S is equal to the mol fraction, and 
= temperature, °C 
Subscripts _ The pressure unit used here is the ‘‘technical atmosphere,’ 
9 = gaseous = defined as one kg per cm?. The “physical atmosphere’’ is 
H.O = water, gaseous, as product of decomposition then 
QO. = oxygen as product of decomposition 
PO = naa satin dudes where PO-90 indicates 90 (phys) atm = 760 Torr = 1.033 ata (kg/cm?) 
weight per cent H,O2 
sat = saturation 
water, liquid Enthalpy in Superheated Region 
The enthalpy of the gas mixture is the sum of the partial 
enthalpies. The enthalpy unit is keal/kg. 
The partial enthalpies refer to the temperature of the 
OLLIER diagrams for decomposition products from mixture, and the partial pressure of the component. 
H.0, solutions of 70, 75, and 80 weight per cent con- The data of steam were taken from (3). Since the ‘‘Dampf- 
centration are available from (1)? and (2). tabellen” go up to 550 C only, data for higher temperature 
More recently, manufacturers have been able to produce were taken from (4) and converted into metric units. 
higher concentrations. Ninety weight per cent strength has The data for oxygen were taken from (5). Oxygen is con- 
become a well-established standard item on which much sidered a perfect gas and, therefore, its enthalpy independent 
research and development has been based. It was, there- of pressure. In the a of the diagram, the largest error 
fore, thought worth while to calculate and design an enthalpy- thus introduced is only 0.25 per cent of the enthalpy for PO- 
entropy (Mollier) diagram for this particular strength. 100 products at 20 ata and 200 C and even smaller for lower 
To facilitate comparison with the above quoted Mollier H.O» concentrations. 
diagrams for lower concentrations, the metric system and The enthalpy of the mixture is then 
the reference temperature of 0 C were retained. 
h = + [3] 


The procedure of calculation is described. 
Enthalpy at Saturation 


Chict, Combustion and Fuels Section, Guided Missile At a given total pressure, the saturation temperature of 
Development Division. iets steam is found from the table of saturated steam as the 
* Numbers in parentheses indicate References at end of paper. temperature corresponding to the partial pressure of steam. 
Juty 1956— 569 


iit i vill il i ill 
i 


The enthalpy hz, at this temperature and partial pressure 
is interpolated on the same table, and from (5), we interpolate 


ho, for teat. 
Enthalpy in Supersaturated Region (Wet Steam Region) 


The weight fraction of liquid water is introduced as an 
additional independent variable designated a,. The lique- 
faction of part of the steam changes the “lige aaa “ the 
gas phase and, therewith, the partial pressures. 

aH.0 = GH.0 — Ay 
ao, = 1 — an,o 


where du,o designates total water content and axy,o water 
content in gas phase only. 

The mol fraction for the gas phase is calculated from ax,o 
and do,, excluding a,, to yield the partial pressure of steam, 
pa,. The saturation temperature for this px,o is found 
from steam table. The corresponding enthalpies are inter- 
polated and the total enthalpy is 


h = aw(hw) + an.o(hu.0) + do.(ho.)........,. [4] 


If the change of partial pressure (and saturation tempera- 
ture) with liquefaction is neglected, the result is about 0.8 
per cent higher, at the most, than the more accurate result 
above. Because of this small difference, the isotherms are 
omitted on the diagram in the supersaturated region, as they 


very nearly coincide with isobars. 


Entropy 


The entropy of the mixture of decomposition products is 
composed of the partial entropies of the components. 

The partial entropy of steam is found from the steam tables 
for the partial pressure of steam. 

Oxygen is considered as a perfect gas and its entropy is 
composed of the standard entropy as found in tables for 1.0 
ata and the temperature ¢t, and of a pressure term 


so, = s(t, 1 ata) — R/32 log, (po,/1.033) = 
s(t, 1 ata) — 0.1430 logio po. + 0.0020. . . [5] 


The corrective term, +0.0020, becomes necessary because 
the standard entropies in literature are commonly based on 
p = 1 atm = 760 Torr and not on 1 ata = 1 kg/cm’. 
Neglecting this difference would introduce an error of about 
0.3-0.1 per cent. 


Entropy in Superheated Region 


8:.p = + 
ao, [so.(t, 1 ata) — 0.1430 logic po. + 0.0020]... . [6] 


To interpolate entropy between pressures and tempera- 
tures, we must remember that the absolute molar entropy 
of a perfect gas 


and the commonly used entropy difference with respect to a 
reference level of 7’) and Po 


S — S = (T/T) — R In (P/P)........ [7a] 


Therefore, the entropy change with pressure at constant 
temperature is aes to the logarithm of reciprocal 


pressure 


8 


_ log p/p 
log ps/pr 


P, — Sp, 


At constant pressure, we interpolate, if s7, and s7, are given 
me. 


— 8r _ log (T2/T) 


[9] 


) 
[8] Design of the Diagram 


where we neglect the change of C,, over the range T, — 7}. 
The error incurred by linear interpolation is only about 


0.5 per cent. 
To avoid some need for log calculation, a graph of 5, 
(1 ata) versus log 7’ was used. 


Entropy at Saturation 


Proceed analogously as before with enthalpy and entropy 
in superheated region. 


Entropy in Supersaturated Region 


The entropy of the liquid water is found in tables for 
saturated steam. The procedure is analogous to the one 
with enthalpy. 

The entropy of the mixture is composed of 


8 = dy + an,0 (8H:0) + a0; (802) 


The unit of the specific volume is m’/kg. The eiaiies of 
the mixture is the sum of the densities of the components at 
their partial pressure and the specific volume is the reciprocal 
of the density 


Specific Volume 


1 

1/vn,0 + 1/vo, 

A general procedure to derive the specific volume is as 
follows: The specific volume of steam is picked from the 
steam tables for temperature, ¢, and partial pressure, pn,o. 
The specific volume of water which is needed in the super- 
saturated region is likewise found in the steam tables. The 
specific volume of oxygen is easily calculated from the equa- 
tion of state for a perfect gas with a satisfactory accuracy. 

To interpolate vg,o or v in a large pressure interval, we re- 
place the obvious procedure v, = (v:p;/p) or = (vep2/p) by 
the more accurate procedure of first interpolating the pv 
product linearly for p and dividing by the pressure p. 


1 
P2 — Pit P 


For we calculate 


26.496 


vo, = 
Po: 


847.87 m 
= = 26.496 | — 
32 °K 


Derivation of Isochores 


where 


For deriving the desired isochores of 5.0, 3.0, 2.0, etc., 
m*/kg, it is most convenient to find the entropy coordinates 
along an isotherm. 

Given are the entropy coordinates for two pressures, 7; 
and po, at constant temperature ¢; s, and so. Let the inter- 
section of the isochore at v = const with the isotherm at t = 
const be the desired point. 

As isothermal entropy differences, s; — 2, are proportional 
to the log of the pressure ratio P2/P,; they will conversely be 
proportional to log v;/v2. With real gases, this is an approxi- 
mation only, and the intervals should be taken small. 

log v/v 


log v;/v2 


Data of enthalpy and entropy as functions of temperature 
(in steps of 50 C) and pressure (0.1, 1, 5, 10, 25, 50, 75, 190 
ata) were tabulated. 

The tables of enthalpy versus temperature and pressure, 


(Continued on page 575) 
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The short method of Hirschfelder and Sherman for the 


calculation of the thermodynamic properties of gun pro- 


pellants is adapted to the quick estimation of specific _ 
impulse of solid propellants for rockets. When this ap-_ 
proximate procedure is applied to a series of propellants 
with flame temperatures equal to or greater than 2000 K 
and specific impulses of 200 to 245 Ibf sec Ibm, at 1000 


psia the results are within about 2 per cent of those a 


by the detailed thermodynamic method which assumes 

mobile equilibrium. For a propellant ingredient which _ 
forms only gaseous products, it is necessary to know only 
the empirical formula and heat of formation from which 
a set of three additive constants is calculated in less than 
ten minutes. The specific impulse of any particular com- 
bination can then be estimated from the additive constants 
for the components in less than five minutes. The method 
is limited to cases with negligible dissociation and to fuel- 
rich mixtures. 


Introduction 


REPARATORY to the formulation of new solid pro- 
pellants or the synthesis of new propellant ingredients, 
it is convenient to be able to estimate rapidly the specific 
impulse of the propellant or the contribution to specific im- 
pulse made by the new material so that the less promising ones 
can be eliminated without resort to time-consuming ex-_ 
perimental work. In the present paper simple equations are 
derived and applied to the quick estimation of specific im- 
pulse of solid propellants. The method used in deriving 
these equations is similar to that used by Hirschfelder and 
Sherman (la)? in the approximate calculation of the thermo- 
chemical properties of gun propellants.* It is assumed that 
burnt propellant gas consists only of nitrogen, hydrogen 
chloride, and those components involved in the water-gas 
reaction; and that the composition of this gas is frozen at an 
average value determined by the elementary composition 
together with a more or less arbitrary assumption. The 
heat capacity and heat content of this gas can be estimated 
with these assumptions; and from these values the specific 
- impulse is estimated. In the following sections general 
equations are derived for carrying out these operations, an 
example is given, and a comparison is made with results ob- 
tained by detailed calculations. 


Derivation of Equations 


The equation for specific impulse 


is transformed into the more convenient form ae° 
= 0.932 4/C,7, @ | [2} 
Received Nov. 20, 1955. 
1 Associate Director, Propellant Development Dept. Mem. 


ARS. 
? Numbers in parentheses indicate References at end of paper. 
3 For a detailed erg of how the Hirschfelder-Sherman 
method can be used, see bine 
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where 
I.» = the specific impulse in Ib force seclb mass~! 


the number of mols of gas produced per 100 grams of 
asf propellant 

= the gas constant, 1.987 cal per mol per degree Kelvin 

. = the isobaric adiabatic flame temp in degrees Kelvin 

'» = the heat capacity of the gases at constant pressure in 


eae cal per 100 grams per degree Kelvin 


C, = the heat capacity at constant volume 
= theratioofC,toC, 

p. = the exit pressure of the gases 
p, = the chamber pressure 


Because the gases from the propellants which will usually 
be dealt with are cooled from about 2500 K to about 1000 K, 
the average heat capacity between these two temperatures is 
taken as the definition for C>. 

By use of an approximation similar to that suggested by 
Hirschfelder and Sherman for isochoric conditions, the iso- 
baric adiabatic flame temperature is assumed to be given 


by 
2000K 


in which H,ei is the heat in calories released by 100 grams of 
the propellant gases in cooling from the flame temperature 
to 2500 K, and C,%»K-20kK js the average heat capacity in 
calories per 100 grams per degree of the gases between 3000 K 
and 2000 K. Examination of the data on the heat capacity 
of propellant gas mixtures at various temperatures showed 
that the average heat capacity between these two temper- 
atures was about 4 to 11 per cent, or on the average about 9 
per cent, greater than the average heat capacity for the same 
gas mixture between 2500 K and 1000 K. Consequently 
Equation [2] can be written 


nR/Cp 
I.p = 0.932 | 2500 Cp + 0.92 Ha | | [6] 
De 


We m: so din now te potential P as the function 


2500 Cy + 0.92 Hre 


which when substituted in Equation [6] yields 


nR/Cp 


The quantities n, C,, and P are assumed to be additive 
functions of the composition of the propellant such that their 
values may be calculated from the corresponding individual 
values for the components by use of equations of the type 


t 


where n; is the number of mols of gas produced by the i-th 
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component, and 2; is the weight fraction of the 7-th com- 
ponent in the propellant. 
The quantity n; is estimated from the equation 


= C+ (1/2)(H + N) + HCl......... [10] 


in which C, H, and N represent, respectively, the number of 
gram atoms of carbon, hydrogen, and nitrogen in 100 grams 
of component, and HCl the number of mols of hydrogen chlo- 
ride which would be produced in 100 grams of propellant com- 
ponent. If hydrogen chloride is formed, the hydrogen asso- 
ciated with it is not counted in the hydrogen represented by 
the symbol H in Equation [10]. 

In deriving the equation for the estimate of C,, calculated 
equilibrium compositions of the gases from several resin- 
oxidizer propellants at 2500 K were examined, and it was 
noted that the ratio of the number of water molecules to the 
number of carbon dioxide molecules was between 0.2 and 7. 
Because many of the values were in the neighborhood of 2 or 
3, the value 2.0 was taken as representative. Accordingly, 
the average heat capacity of a propellant gas between 1000 K 
and 2500 K is assumed to be given approximately by 


= 0.67 C1 + 0.33 Co. 


where C; is the heat capacity calculated from the elementary 
composition on the assumption that no carbon dioxide is 
present, and C, is the heat capacity calculated on the assump- 
tion that no water is present. C,; is assumed to be given by 
asimilar expression so that 


Cy; = 0.67[ncoCco + + + + HClCuci): 


+ 0.33 [ncoCco + nco:Cco, + + + HClCuci), 


in which NH, Nco,, and HCl are the number of 
mols of carbon monoxide, water, hydrogen, nitrogen, carbon 
dioxide, and hydrogen chloride in 100 grams of gas; the sym- 
bols such as Cco denote the heat capacity in calories per mol 
per degree for the particular gas between 1000 K and 2500 K, 
and the numerals 1 and 2 after the brackets indicate the fol- 
lowing two methods by which the values for the gas composi- 
tion are to be derived from the elementary composition. 


Method 2. 


(no water) 


Method 1 


(no carbon dioxide) 


nco = C mco = 2C) —O 
= O-—C = O — C 

H H 
HCl = HCl HCl = HCl 
mn» = N/2 mn, = N/2 

The resulting expression for C’,, is 
= 


Cy; = 4.27(C) + 3.98(H) + 4.23(0) + 4.21(N) + 
8.27(HCl). . [13] 


The heat capacities used were obtained from the compilation 
of the National Advisory Committee for Aeronautics (2). 
This equation is limited to substances which contain only the 
elements whose symbols appear in the equation. It is a fair 
approximation of the heat capacity even when the ratio of the 
concentration of water to that of carbon dioxide is not close 
to the value of 2 assumed in the derivation of this approxi- 
mate equation. Because both water and carbon dioxide 
have high heat capacities compared to those of hydrogen and 
carbon monoxide, the heat capacity of a mixture of the gases 
Which partake in the water-gas equilibrium is not sensitive 
to the ratio of concentration of water to carbon dioxide. 

The derivation of an expression for P; involves first the 
derivation of an equation for H,e1, the heat released by cooling 
100 grams of propellant gas from the adiabatic flame tem- 
perature to 2500 K. 

In considering the following thermodynamic cycle the 
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enthalpy changes H, and H; are neglected on the assumption 
that the materials are ideal, and the enthalpy change H, is zero 
because the process is adiabatic 


Propellant y, Elements , Propellant gases 
(100 grams) ——— 298 K, 14.7 psi ———298 K, 14.7 psi 
298 K, 14.7 psi - i 


As 


Propellant 
298 K, 1000 psi 


He 


Propellant gases 


Propellant gases 
2500 K, 1000 psice———2500 K, 14.7 psi 


Hea = H, + He + Hs............... [14] 


Propellant gases 
1000 psi 


Hrel 


Consequently 


The heat evolved in the first step H, is simply the heat of 
formation in calories of 100 grams of the propellant from the 
elements in their standard states at 298 K; consequently for 
the i-th constituent we may write 


in which AH; is the increase in heat content of the system in 
kilocalories for the formation of 100 grams of the constituent. 
The heat evolved in the second step H2 is given by 


= nco; AHco: + ncoAHco + na,AHu.0 + 
uci. . [16] 


in which the standard heats of formation are in calories per 


mol. 
The heat evolved in the third step H; is 


—H; = cos + ncoHco + nn.0H + 
+ HCl Huci. . [17] 


The symbols such as Heo, represent the heat required to 
change a mol of the particular gas from 298 K to 2500 K. 

The heat released, Hei, is then calculated from Equation 
[14] and the equation 


Hret = 0.67 (Hretq) + 0.38 [18] 


The subscripts 1 and 2 denote that the calculation is to be 
made by use of the gas composition calculated by use of the 
previously described methods 1 and 2. The resulting equa- 
tion is 


Hee = 1000 (AH;) — 44400(C) — 8420(H) + 
52900(0) — 8880(N) + 4630(HCI). . [19] 


The heats of formation used were obtained from the com- 
pilation by the Bureau of Standards (3). Combination of 
Equations [7], [13], and [19] yields the following expression 
for the potential of the i-th constituent 


P; = 9.2(AH;) — 302(C) + 22.0(H) + 592(0) + 
23.6(N) + 249(HCI). . [20] 


The expansion term 1 — (p,/p,)""/@ is easily obtained 
from the plot of C,/n vs. the expansion term given in Fig. 1. 

In summary, the estimation of the specific impulse of a 
solid propellant at a chamber pressure of 1000 psia and an 
exhaust pressure of 14.7 psia involves estimating the number 
of mols of gas by Equation [10], the heat capacity of the gas 
by Equation [13], the potential of the propellant by Equation 
[20], the effect of expansion through the nozzle by Fig. 1, and 
the specific impulse by Equation [8]. For a monopropellant 
all these manipulations can be carried out in fifteen minutes 
or less depending on whether a slide rule or desk calculator is 
used. 
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Fig. 1 Expansion term vs. molal heat capacity for use in estimat- 
ing specific impulse by the short method 


Example 


An example of the calculation of the required constants for 
a typical propellant component, nitroglycerin, follows 


aa 


Formula: CH,.NO; CHNO; CH.NO; 

Formula weight: 227 a 

Heat of formation: —37 kceal/100 gm 
C = 1.32;H = 2.20;0 = 3.96;N =1.32 
n; = 3.08 gm mol/100 gm 


Cis 
P; = 


36.7 cal/100 gm/K 
1685 cal/gm 


These constants are then tabulated as in Table 1 for future 
use. 

An example of the estimation of the specific impulse of a 
propellant which contains several components is summarized 
in Table 2. The example is based on a typical double-base 
propellant (4) for which the basic constants have already been 
given in Table 1. 


Comparison with Detailed Calculation 


Comparisons have been made of the values of specific 
impulse estimated by this method with those calculated by 
the detailed thermodynamic method on the assumption that 


ered the range from 1500 K to 3000 K and the specific im- 
pulses a range from 190 to 245 lbf sec Ibm= at 1000 psia. 


Table 2 Estimation of specific impulse of a double base 


| propellant 

Substance Li Pix 
| Nitrocellulose (13.25%N) 0.522 2.04 20.3 559 
| Nitroglycerin 0.435 1.34 16.0 733 
| Diethyl phthalate 0.28 1.8  —22 
| Ethyl centralite 0.010 0.10 0.6 —28 
1.000 3.76 38.7 1247 


C,/n = 10.3 and from Fig. 1 the expansion term for a 
chamber pressure of 1000 psia is 0.558. 


Isp = 9.32 9/1247 (0.558) = 246 Ibf sec 


equilibrium was maintained in the exhaust gas during ex- 
pansion through the nozzle. The flame temperatures cov- 


Generally, the agreement was within 2 per cent and the 
average error was 1 per cent. In one case for a flame tem- 
perature below 2000 K the error was as large as 6 per cent, 
but this is attributed to the presence of carbon in the pro- 
-pellant gas and the inapplicability of the short method to a 
system of this type. It is concluded that in new propellant 
systems the estimates by this quick method are only what 
their name implies, i.e., estimates. In precise work the 
short-method estimates must be supplemented by an appro- 
priate detailed calculation to test their accuracy. After this 
has been accomplished the short method provides a rapid 
method for the exploration of the magnitude of the effects 
to be expected in formulation changes. 
Comparison of Equations [2] and [8] shows that the iso- 
baric adiabatic flame temperature of the propellant can be 
estimated by the relationship 


The values obtained by this means are usually within ap- 
proximately 100 K of the flame temperatures calculated by 
the detailed method, except in cases for which dissociation is 
significant or products other than those assumed in the de- 
rivation are present in significant amount. 

Certain limitations of this short method should be indi- 
cated. Care should be taken to use the method only for esti- 
mating the specific impulse of propellants containing the 
stoichiometric quantity or less of oxidizer. Also, the method 
does not take into account the effects of dissociation at high 
flame temperatures. This last limitation is not so serious as 
might be expected, because frequently the specific impulse 
calculated by the detailed method on the assumption of 
chemical equilibrium during expansion is not greatly different 
from that calculated on the assumption of no dissociation and 
frozen equilibrium. The short method most nearly resembles 
the latter type of calculation. 

at 
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as gt i Table 1 Additive constants for use in rapid estimation of specific impulse ot, 
at AH; Composition, gm atom/100 gm ni Co P; 
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Calculation of a Mollier Diagram 


(Continued from page 570) 


and of entropy versus temperature and pressure are to be 
combined into a plot of enthalpy versus entropy with lines 
of constant temperature (isotherms) and lines of constant 
pressure (isobars) and lines of constant volume (isochores). 

To construct the main isotherms and isobars, the co- 
ordinates (h,s) of their intersections were found from the h-t 
table and the s-t table and plotted. Intermediate tempera- 
ture steps of 10 C were interpolated linearly along the isobars. 

The entropy coordinates for the intermediate isobars were 
interpolated in logarithmic proportions along isotherms as 
shown in Equation [8]. In supersaturated region, only 
isobars are drawn as the isotherms very nearly coincide with 
them as mentioned previously. 

In the superheated region, a closed formula was derived 
relating the total pressure and the specific volume. 

For steam, (6) offers the formula 


1.3088-10~4 
(7/100) 


4.379107 
(7/100) ** 
[15] 


_ 47.06 T 0.9172 
P (T/100)2-82 


which is valid down to saturation pressure if ¢ > 300 C. 
For each temperature, we obtain an equation of the form 


(vH.0)p = — B — CP?[m*/kg].......... [16] 


The specific volume of O2 at the total pressure and at a given 
temperature is represented 


26.496-7 D 
—_—_ = — 


where A, B, C, D are constants at constant temperature. The 
specific volume of the mixture is composed 


(vo.)Pp = 


v = (vH.0)p + ao," (vo.)p........... [18] 
We substitute (vu,0)p and (vo,)p and arrange i 
pr, aoa + ao, D _ 0... [19] 


au,0°C 


The equation was solved for P in steps of 50 C, inserting 
chosen values of v. This was done by machine calculation. 

The entropy coordinates for these pressures were inter- 
polated between two pressures on the isotherm in logarithmic 
proportions. 
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Comments on Hsue-shen Tsien Paper 
(Continued from page 564) 
is required if a nuclear resonance level exists in the compound 
nucleus near the energy of the colliding particles. See H. 
Bethe? for the more complete theory of thermonuclear reac- 
tions. 
According to [46] the energy production per unit volume is 
not excessive. In the sun, energy-producing reactions are con- 
tained, give only 10-4 watts/cm*, and are self-sustaining. 
But in spite of the high temperatures and moderate energy 
output in the chamber, I am not convinced that a case is made 
for the possibility of a thermonuclear furnace without other 
and more elaborate features for containing the reaction vol- 
ume to a very small fraction of the chamber volume. In the 
sun, gas convection and radiation transport the energy 
through a temperature gradient of 10-2 K/cm; in the furnace, 
the gradient must average 10‘ K/em. If the gradient of tem- 
perature is too steep the reaction stops, and if too slow the 
walls evaporate. The stellar reaction is automatically self- 
regulated, since gravitational contraction heats the gas, and 
containment in a solid chamber is not a problem. The par- 
ticular feature of Dr. Tsien’s calculation that can be directly 
tested astrophysically is his device for stopping the fast reac- 
tion products of [36, 37], ,H*, ,H', -=He*; the neutrons cannot 
be prevented from escaping. His suggestion is to introduce 
a heavy and only partially ionized atom to increase the col- 
lision cross section with energetic particles of ionized hydro- 
gen, deuterium, and helium. Intuitively, however, it is dif- 
ficult to imagine a process, or particle, which moderates other 
particles by collision and which will not, at high temperatures, 
produce radiation, and therefore introduce another quenching 
factor. If the ions were present in sufficient numbers to pro- 
duce equilibrium between kinetic energy and radiation, the 
black body temperature would be attained, i.e., 108 K; if the 
integrated total opacity through the gas is ¢ (the optical thick- 
ness), the wall temperature 7(R) at wall radius R is obtained 
from the gas temperature 7'(r), reaction zone radius r, as 
T(R) = T(r)(r/R)'? 
Since T7(R)/T(r) must be less than 10 to prevent the walls 
from evaporating, and since (r/R)'/? cannot be much less 
than 10~!, the optical thickness ¢ must be less than 107'*, 
which is extremely low for any real ionized gas. Therefore, 
the problem mentioned following [56] is a difficult one, as yet 
unsolved. New technical methods are required for isolating 
a hot gas volume by material in which a steep temperature 
gradient exists, and which will not radiate. It should be re- 
membered that at high temperatures radiative transfer usu- 
ally surpasses convective or conductive transfer. 


2 Bethe, H., Physical Review, vol. 55, 1939, p. 434. 
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Continued Investigations of the 
Opposing Jet Flameholder 
ALLAN SCHAFFER! and ALI BULENT CAMBEL? 
F 
Gas Dynamics Laboratory 


A previous publication by the authors concerning the 
opposing jet flameholder was preliminary in nature. In 
this note, selected additional data are presented. Hy- 
potheses concerning the mechanism of stabilization are 


N RECENT times, studies of flameholding elements other 
than physical bodies have received considerable attention for 
several reasons. Theoretically, physical holders such as V- 
gutters and rods are difficult to analyze, while in practical 
applications they pose undesirable drag and flame-spreading 


gaseous jet, which was described in a preliminary paper (1)? 
by the authors. Since the writing of that paper considerable 
data have been gathered and extended investigations are in | 
progress at the Gas Dynamics Laboratory of Northwestern _ 
University. 

Before any additional data are presented, the observations — 
in (1) will be reviewed briefly. There the opposing jet was — 
described as a high velocity gaseous stream discharging in a— 
direction 180 deg to the primary flow. A metal tube of about 
1/;-in. ID was used for the jet, and supply pressures to the 
tube were in the vicinity of 100 psig so that the flow was 
choked. The mass flow rate through the tube was generally 

_ less than 1 per cent of the primary mass flow rate. The flame 
anchored itself about 1 to 3 in. upstream from the end of the 
metal tube, and flame spreading was satisfactory. Normally, 
the jet medium was air, although tests with oxygen and 
nitrogen were also attempted. An opposing air jet stabilized 
premixed propane-air flames having approach velocities of 
several hundred fps when the mixture was at atmospheric 
pressure and was not preheated. Indications were that the 
performance curve would peak on the rich side. It was ob- 
served that a flame could not be stabilized with a pure nitrogen 
jet. The proposed interpretation was that a critical zone 
existed in the stagnation region at the upstream tip of the 
flame and that conditions in this zone determined the stabi- 
lization. It was suggested that the performance curve 
for an air jet might be shifted toward the lean side by making 
the critical zone richer; that is, by mixing small quantities of 
fuel with the jet air. Furthermore, it was predicted that 
higher jet flow rates might result in better flameholder per- 


formance. 

One purpose of this note is to present some additional data 
so that a more complete understanding of the properties and 
potentialities of the opposing jet will be available. Fig. 1 
shows flame blowoff data for two different opposing jets; 
namely, for a pure air jet and for a stoichiometric jet of pro- 
pane and air. The apparatus and the operating conditions are 
the same as in (1) except that the jet supply pressure is 70 psig 
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problems. One different type of flameholder is the opposing : 


Selected Additional Data 


£ 


Northwestern University, Evanston, 


Fig. 1. Blowoff curves for a pure air jet and for a stoichio- 
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PURE AIR JET, 
4 STOKCHIOMETRIC JET, 
os 10 


Equivalence ratio gp 


metric jet. Tube 0.059 in. ID; jet supply pressure 70 psig 


instead of 100 psig. Furthermore, the jet tube length is 
shorter; namely, 4 in. as compared to 18 in. before. The 
figure shows that as the jet is made richer the blowout curve 
shifts toward the lean side; that is, toward lower values of the 
equivalence ratio of the approach stream. ‘Tests with still 
richer jets, not shown here, have substantiated this observa- 
tion. The increment of fuel flow necessary to change the jet 
equivalence ratio by unity is only about 1 per cent of the pri- 
mary fuel flow. This minute quantity of fuel mixed into the 
jet causes a relatively large shift in the blowout curve. It is 
difficult to imagine a small quantity of fuel having such an 
effect in a premixed stabilized flame unless the fuel feeds into 
a zone of special importance to the stabilization. Therefore 
the term critical zone has been employed. 

There are several other interesting observations concerning 
Fig. 1, but these can be discussed to better advantage after a 
model for the stabilization mechanism has been presented. 
The model that is being employed follows the concept that a 
small pilot reactor, or critical zone, exists in the low velocity 
stagnation region at the nose of the flame. As shown in Fig. 2, 
there are three streams feeding into the critical zone: the jet 
media (m;), the recirculated media that is entrained by the 
free jet (m,), and the unburned primary mixture that pene- 
trates directly into the zone from upstream (mp). Initially 
the analysis assumes instantaneous mixing of these three 
streams, and their proportions and compositions determine 
the equivalence ratio in the critical zone. It seems fair to as- 
sume that a criterion for stability is the energy level in the 
critical zone. The burden for maintaining this energy level 
falls upon the recirculated media. Thus sufficient burned 
gases must be entrained by the jet. It has been shown experi- 
mentally that recirculation is necessary for the jet to function 
as a stabilizer. One striking demonstration of the extent of the 
recirculation patterns is that successful light-off has been 
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When we apply Equation [2] to the peak of the curve for the 
pure air jet, we substitute ¢ = 1, g = 1.45, g; = 0, 


F, = 0.0641, and obtain 
FLAME FRONT 

ve Thus the primary stream contributes 2.44 times as much mass 
SO aw ee “a to the critical zone as does the jet. It should be pointed out 
—- 7s a a that the computations are valid only for the given jet size at 
& ae an approach velocity of 270 fps. However, Equation [3] 
can be used with little error for other jet mixture strengths. 

a imp) 
If we measure the total mass flow rates of the jet medium and of 
= the primary mixture, we can use Equation [3] to determine the 


Fig. 2. Model for the stabilization mechanism 


accomplished with the spark plug 5 in. downstream from the 
end of the jet tube. 

Returning to Fig. 1, we note that for a stoichiometric jet the 
performance curve peaks at a primary equivalence ratio of 
unity. Thus for blowout at the peak of this curve, two of the 
three streams feeding into the critical zone have eqivalence 
ratios of unity. The third stream is the recirculated media, 
the composition of which can be assumed to be approximately 
that of the equilibrium products of combustion for the 
equivalence ratio of the primary stream. For the condition 
under consideration, then, the above assumption dictates that 
the recirculated media be inert. When these three streams 
are mixed in the critical zone, the result is that the equivalence 
ratio in the critical zone at the maximum approach velocity is 
unity. This result could have been predicted a priori by 
applying to the critical zone knowledge of the functional rela- 
tionship between reaction rates and equivalence ratio. 
Furthermore, it seems logical to assume that for any jet mix- 
ture strength the equivalence ratio in the critical zone is al- 
ways unity at the maximum approach velocity. This ob- 
servation enables us to perform a calculation to determine the 
relative contributions of the primary stream and the jet 
stream to the critical zone. In order to perform a simplified 
calculation it will be necessary to assume that the recirculated 
media is inert even when the primary mixture is not stoichio- 
metric. This assumption probably introduces only a small 
error into the calculations. The expression for the equivalence 
ratio in the critical zone, ¢., is expressed by 


r» rates of fuel flow into zone 


stoichiometric fuel-air ratio in zone X }> rates of air flow 
into zone 


= 


The inert recirculated media affects the reaction rate in the 


per cent of the primary mixture that enters the critical zone. 
The value computed in this manner is about 1/2 per cent and 
shows that the critical zone is indeed very small. The pre- 
ceding computations have also been made with satisfactory re- 
sults for the data from a jet having an equivalence ratio of 2. 

Some information concerning practical applications is availa- 
ble from Fig. 1. Normally afterburners operate with a 
stoichiometric approach mixture; consequently, it is de- 
sirable for the blowout curve of the flameholder to peak at an 
equivalence ratio of unity. Fig. 1 shows that an opposing jet 
having itself an equivalence ratio of unity would be re- 
quired. Therefore, it is probable that investigations as to the 
practical applications of opposing jets will be concerned prin- 
cipally with stoichiometric opposing jets. Richer jets might 
be used for light-off; they would also be well suited for 
modulation when the primary mixture is lean. If, because of 
its greater simplicity, a pure air jet is employed instead of a 
stoichiometric jet for an afterburner application in which the 
approach mixture is stoichiometric, Fig. 1 shows that the 
maximum approach velocity attainable would be decreased by 
about 40 per cent. 

One aspect of Fig. 1 that is not so easily explained is the 
fact that the curve for the stoichiometric jet has a higher 
maximum velocity than does the curve for the pure air jet. 
An examination of Fig. 3 may provide a partial explanation 
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critical zone but not the equivalence ratio there. Conse- 
quently, we can write 
F F 
] | | 

where « 4 
¢e = equivalence ratio in the critical zone . 
Mp = mass rate of flow of the primary mixture into the © WITHOUT JET HEAT ENCOURER 
m; = jet mass flow rate (all of which is assumed to enter he er: ‘ 
Equivalence ratio gp 
critical zone) 

¢p = equivalence ratio of the primary mixture a Fig. 3. Blowoff curves showing the effect of a jet heat ex- 

¢j = equivalence ratio of the jet re A changer. Discharge tube 0.059 in. ID; jet medium air; jet 

F, stoichiometric fuel-air ratio for the fuel supply pressure 70 psig 
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for this behavior. Fig. 3 indicates the beneficial effect of pre- 
heating the jet medium, which was air for these tests. The 
lower curve is for the short jet tube utilized in most of the 
tests recorded in this note. The tube is !/s-in. OD X 0.059-in. 
ID X 4-in. length exposed to flame. The upper curve is for a 
long tube such as was used in (1). For this latter test the jet air 
was passed through a 1/,-in. tubing heat exchanger in contact 
with the flame and then was fed to the 1/s-in. tube previously 
described. The figure shows that heating the jet medium aids 
the stabilization. On the rich side the two curves are drawn 


as separate lines, but the data scatter is such that they could es 


have been justifiably drawn as a single line. Apparently with 


Pohlmann (2), who studied among other things the effects of 
varying the jet diameter and the mass flow rate. The figure 
presented here gives a family of performance curves for various 
supply pressures of pure air to a short jet tube of 0.033-in. ID. 
Supply pressures to the tube are labeled on the graph. Only 
the top portions of the curves are given. It is seen that in- 
creasing the jet supply pressure, and thus the mass flow rate 
and momentum, makes possible higher maximum velocities, 
It can be expected that higher maximum velocities will be 
accompanied by wider ranges of equivalence ratio. 
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rich mixtures a high jet temperature is obtained for the short m:, me The authors extend their special thanks to Edward Pohl- 


tube alone and the heat exchanger does little good. The effect 
of heating the jet medium, while pronounced, is not tremen- 
dous because the temperature in the critical zone is influenced 
primarily by the hot recirculated gases. A comparison of Figs. 
1 and 3 suggests that a thermal effect may be responsible for 
the higher maximum velocity obtained for the stoichiometric 
jet in Fig. 1. This thermal effect may be the burning that 
takes place along the boundary of the free jet. The term free 
jet is defined here as the portion of the jet stream from the 
end of the tube to the critical zone. Burning is observed to 
take place along the boundary of the free jet either when the 
jet medium is a fuel-air mixture or when the medium is pure 
air and the primary stream is rich. This boundary burning 
may act like incremental heat addition in aiding the stabiliza- 
tion. Since boundary burning exists at the peak approach 
velocities for a stoichiometric jet and not for a pure air jet, 
this burning may explain the higher approach velocities with — 
the stoichiometric jet. However, 
might also be explained by mixing phenomena in the critical ‘i 
zone. Morever, beneficial effects of boundary burning may be — 

responsible for the near vertical slope of the rich side of the 

curve for the pure air jet, although any inference drawn from 


these higher 


mann for the use of the data depicted in Fig. 4. The studies 
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rich data is open to question because of the inherent rough 
burning that accompanies rich mixtures. 
Fig. 4 is a typical curve taken from the work of Edward 
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Fig. 4. Tops of blowoff curves at various jet supply pressures 


for an opposing air jet having a tube 0.033 in. ID 


The Beechcraft USN XKDB—I Target Drone 


ENGINEERS: 


It will pay you to investigate Beechcraft at 
Wichita before you relocate. 

You are invited to explore the many opportuni- 
ties available in our missile division. We are ex- 
panding this portion of our design program and 
are in need of capable graduate engineers. 

Engineers with the following experience fac- 
tors will be needed for work on targets, drones 
and missiles: 

e@ Electrical and Electronic Systems, particularly 

automatic flight control systems 

@ Digital and Analog computing 

@ Aerodynamics 

Write or wire Roy F. Kunz—Engineering Per- 
sonnel, 9730 E. Central, Wichita, Kansas for 
additional information regarding Beechcraft and 
the advantages of living in Wichita. 


BEECH AIRCRAFT CORPORATION 
Wichita 1, Kansas 
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Purposetully, as if on a rendezvous with doom—as 


it is—the guided missile blasts its way through the lon¢ 
reaches of the sky. The roaring flame is its power; but the 


“eyes and ‘brain’ that guide and control it are electronics. 


RCA has cooperated for years with the armed forces 
to develop guided missiles of ever-increasing 
accuracy and effectiveness...the same mutual effort 
that is constantly being applied to creating, designing, 
developing and producing complete electronic system 


in this and other fields relating to national defense 


RADIO CORPORATION of AMERICA 


CAMDEN, N.J. 


EXPERIMENTAL work 


SOLID PROPELLANT POWER PLANTS 
THIN OR HEAVY WALLED 
PRECISION MACHINED NOZZLES 
& MOTOR CASES ALSO 


A DIVERSIFIED, EXPERIENCED 
ORGANIZATION GEARED TO MOVE QUICKLY - 
ON YOUR PRELIMINARY PRODUCTION 

PROBLEMS; ONE ABLE TO ABSORB YOUR 

INITIAL ENGINEERING CHANGES AND PUT 

_ THEM INTO EFFECT WITHOUT DELAY. 


A LETTER OR PHONE CALL WILL BRING 
OUR REPRESENTATIVE 


INC. 
SILVER CREEK, NEW YORK 
PHONE 


HIGH PRESSURE SPHERES EXPERIENCED 
IN ALL MATERIALS X4130 
HEAT TREATED, STAINLESS, 

ALUMINUM ALLOY, INCONEL X ETC. 


NO JOB TOO TOUGH 
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Jet Propulsion News_ 

MORE ON PROJECT VANGUARD 


ITH the addition of recently released details, the pic- 

ture of the Vanguard vehicle is now almost complete. 
It will be 72 ft long and have a maximum diameter of 45 in. 
Gross weight will be 11 tons. Second stage will carry all 
guidance: three-axis gyro reference system, pitch program- 
mer, and velocity sensors. Guidance system will orient rocket 
to horizontal flight; stability will come from spin along longi- 
tudinal axis. 

The planned orbit of 300 miles may not be reached because 
of errors in launching and guidance. The orbit will be ellipti- 
cal: perigee, 150 miles; apogee, 1500 miles. Some satellites 
may carry no payload. Launching of the first satellite is 
slated for early 1958. 

Four new subcontractors for Vanguard have been an- 
nounced. Allegany Ballistics Laboratory (Cumberland, Md.) 
and Grand Central Rocket Co. (Redlands, Calif.) will design 
and develop a new solid propellant rocket for the third stage. 
Presumably the ABL model will use double-base propellant 
while Grand Central will furnish a composite variety. The 
Minneapolis-Honeywell Regulator Co. (Minneapolis, Minn.) 
will design and build a three-axis reference system which con- 
sists of gyros that indicate roll, pitch, and yaw. Vickers Elec- 
tric (St. Louis, Mo.) will design and make the magnetic ampli- 
fier autopilot which will control the flight. The autopilot will 
take its instructions from the gyro system and will keep the 
vehicle on course by moving the gimbal-mounted rocket en- 
gine. 

Naval Research Laboratory has developed the ‘‘Minitrack”’ 
radio angle tracking system for the satellite. The satellite 
will have a miniature transmitter (108 mc) with an output of 
10-50 mw operating on silver-zine batteries. Satellite signal 
will be received and tracked by ground stations. Data from 
ground stations will be fed to a computing facility to deter- 
mine the exact orbit. Minitrack, weighing about 2-3 lb, may 
also telemeter data from satellite. Ground turn-on will allow 
telemeter transmission when the satellite is over a ground 
station. 


BALLISTIC MISSILES 


@ Titan, the second USAF intercontinental missile, will be 
developed by Martin at Denver. It will be a two-stage rocket. 
@ Atlas will be produced at Sorrento (Calif.) by Convair. 
Facilities contracts for the missile were awarded as follows: 
AVCO (Stratford, Conn.), $1,425,000; Burroughs Corp. 
(Detroit), $400,000; General Electric (Syracuse), $861,000; 
Sperry-Rand (St. Paul), $155,000; Western Electric (New 
York), $500,000; North American Aviation (Los Angeles), 
$6,463,000; Air Products (Allentown, Pa.), $5,768,000. 
Burroughs Corp., developing a computer system for the 
missile, reports that the Atlas will be guided while under 
power. The missile will be tracked by radar and the tracking 
data fed into a computer. The computer will compare this 
data with correct trajectory, make corrections in missile’s flight 
path whenever it deviates from the established course. 
e@ Thor, a single-stage IRBM, is being developed by Douglas 
Aircraft for USAF. Subcontractors are General Electric 
(warhead), North American Aviation (rocket engine), and 
AC Sparkplug (guidance). 
@ Jupiter, a ship-launched rocket, is the new Chrysler-Army- 
Navy IRBM. Development will begin under a $15 million 
allocation by the Navy for 1957, pending an additional $72 
million contract for actual production. 
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SNARK SM-62: Speed is a big questionmark — 


@ Activation of the first unit to fire the Redstone missile was 
announced by the Secretary of the Army. Formed at Red- 
stone Arsenal, the unit will be designated the 217th Field Ar- 
tillery Missile Battallion (Redstone). 


CRUISE MISSILES 


@ Status of Snark (photo) is still undecided. Although the 
Northrop SM-62 has intercontinental range and could carry 
a nuclear warhead, it is a subsonic (about Mach 0.9) cruise 
missile. Other specifications: length about 60 ft; span about 
50 ft; diameter about 5 ft. The missile recently made a 
2000-mile test flight at Patrick AFB (Fla.) 

@ Navaho SM-104A (formerly SM-64) ramjet, now under- 
going flight tests at Patrick AFB (Fla.), will be produced by 
North American under a $5,325,000 government contract. 

@ Launching dollies for carrier launching of the Regulus are 
jettisoned after each launch according to Chance Vought. 
The three-wheel cart, made of tubing, weighs !/29 of the old 
launching platform and RATO bottles. In launching, the 
dolly is hooked to the carrier’s steam catapult system. The 
carts are also used for stowing and handling the missiles 
aboard. 

@ The guided-missile submarine SSG will become the nuclear- 
powered, guided-missile submarine SSGN. Two conven- 
tional attack submarines Grayback (SS-574) and Growler 
(SS-577) now under construction will be completed as guided 
missile submarines. All three subs will be capable of launch- 
ing the Regulus. 


GROUND-TO-AIR MISSILES 


@ The U. Army is sponsoring the development of an 
antimissile arte by Cornell Aeronautical Lab. 

@ Talos surface-to-air missile will be used by the Continental 
Air Defense Command to protect U.S.A.F. bases. De- 
veloped by the Navy and Bendix, Talos will also be used 
aboard Navy ships. 

@ Coordination of Nike batteries will be the job of the new 
Missile Master (MM) System developed by Martin and the 
Army. MM is a complete electronic system for coordinating 
and directing a large number of Nike batteries. The system 
collects information on the identity and location of aircraft 
and presents this information on electronic displays. The 
data are then distributed to firing batteries. Each MM is 
housed in a large two-story building (Antiaircraft Operations 
Center) where radar data gives an over-all view of the air 
situation. Tracking operators monitor early warning infor- 
mation; tactical controllers evaluate progress of an engage- 
ment and assign targets; friendly protectors insure that 
Nike batteries do not fire on known friendly aircraft; battery 
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commanders select or receive target assignments without 
conflicting with or duplicating the actions of other batteries. 
MM can operate in conjunction with the Air Force SAGE 
system and also can be used with future missile systems. 
Other contractors on MM were Airborne Instruments Lab and 
the American Machine & Foundry Co. 

e@ To further increase its effectiveness, a new version of the 
Nike may carry a nuclear warhead. The warhead, says the 
Army, would enable one missile to destroy an entire attacking 
air fleet. 

Eventually some Nike batteries will be manned by Na- 

tional Guard units when sufficient missiles are available to re- 
place all conventional guns. -Newest site for Nike battery: 
Okinawa. 
@ Additional Terrier details have been made known: total 
length, 27 ft; booster length (solid propellant), 14 ft; sus- 
tainer rocket (also solid), 13 ft; booster diameter, 8 in. 
Booster burns for about 4 sec giving a speed of Mach 2. Mis- 
sile proper carries a proximity fuze and has a top speed of 
Mach 2.5. Booster carries a rating of “over 200,000 hp.” 
Estimated cost of the Terrier is about $30,000. 

In operation on the USS Boston, acquisition radar tracks 2 
targets at a time. Control radar can handle 8 in-flight mis- 
siles per minute. A computer handles target tracking and fire 
control. The Navy reports that Terriers have intercepted a 
target near 50,000 ft, destroyed a jet drone flying at over 500 
knots. 

@ Tartar missile, also by Convair, is smaller than Terrier but 
has a similar layout. Tartar is powered by a single-stage 


rocket. 
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@ Thrusts greater than those of any previously existing 
single rockets are claimed for Phillips Petroleum Co.’s 
solid propellant boosters. Solid propellant of German World 
War II Rheintochter booster produced 143,000-lb thrust 
for 0.6 see while current North American liquid propellant 
rocket engine for Atlas is pegged at about the 125,000- 
150,000-Ib thrust level. Phillips’ propellant uses synthetic 
rubber, carbon black, and ammonium nitrate. 

@ First U. 8. rocket engine that can be throttled up or down 
at will was revealed by Curtiss-Wright Corp. The unit is 
used to power the Bell X-2 rocket plane. C-W began develop- 
ment during World War II under the leadership of Dr. 
Goddard at Caldwell (N. J.) facility which includes five test 
cells and a hydraulic test lab. Other rockets will be used for 
ATO and missile propulsion. 


Test firings of TM-61B have been successful. The new Martin 
missile carries a larger nose section, a new airborne guidance 


system. Estimated cost is about $85,000 
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@ Dart is an Army Ordnance AT missile. About 6 ft long, it 
is said to be powered by a solid propellant rocket. Contro! 
comes from wires which trail out behind the missile. 
@ Sparrow missile by Sperry has been operating from carrier- 
based aircraft in Atlantic and Pacific tests. The air-to-air- 
missile is powered by an Aerojet-General solid propellant 
rocket. The Sparrow I is now in a “combat ready” status ac- 
cording to the Navy. Built at Bristo] (Tenn.) the bird is 12 
ft long and weighs 300 Ib. Guided by a radar beam from the 
launching aircraft, Sparrow has a speed of over 1500 mph. 
@ Reliability of liquid rocket engines may run as high as 95 
96% in future systems according to Reaction Motors engi- 
neers. 
@ “Portable foxholes” will be provided by a small rocket mo- 
tor weighing 3'/. lb. Packed in a cardboard cannister, the 
rocket blasts a hole in the ground. 
@ Rocket experts are not immune to crystal-gazing predic- 
tions. As witness: Isothermal expansion of gases might 
eventually be used in an atomic reactor for rocket propulsion 
according to two Northwestern University scientists, Rome: 
and Cambel. This type of gas flow could lead to smalle: 
rocket engines of greater power. The process would require a 
gas whose molecules vibrate in an infinite number of ways. 
According to a prediction of Simon Ramo of Ramo- 
Wooldridge Corp., a substantial portion of the country’s air 
freight could be carried by guided missiles within 10 years. 
Still further into the future, Krafft Ehricke of Convair 
stated that within 200 years the moon would be colonized by 
rocket flights from the earth. 


FOREIGN ROCKETS 


England: Fairey Fireflash may be used as armament on 
the Hawker Hunter. The air-to-air missile was originally 
scheduled for use on the Vickers Swift. A beam rider missile, 
it recently scored hits on target drones and will be the 
first British guided missile delivered to the R.A.F. Another 
British missile, a ground-to-air type, is going into production. 
For ground-to-ground use, Britain will use the U. 8. Corporal 
missile. The ramjet Napier test missile was described by 
British sources as having reached an altitude greater than any 
similar British missile. The missile measures 17-20 ft long 
and uses cluster-type solid propellant booster rockets. 

Ready for launching during the IGY will be Great Britain’s 
new high altitude solid propellant research rocket. The 
rocket is 25 ft long, has a diameter of 17 in., and is designed to 
carry instruments to an altitude of over 100 miles. The 
rocket is launched from an adjustable tower 81 ft high and 
weighing 35 tons. Meanwhile, Britain’s Ministry of Supply 
has established an 8000-acre test center near Scotland for de- 
velopment of an ICBM. But, claim the English, they are 
about 2-4 years behind the U. S. in missile development. 


Germany: Daimler-Benz has reported satisfactory tests 
on its new ramjet engine designed for helicopter rotor blade 
propulsion. Thrust of the 7-in. diam engine is about 60 lb. 
Fuel consumption of the motor is about 8.4 lb/min. 

A group of German engineers plan to fire a three-stage 
rocket during the IGY. Expected altitude of the rocket is 
about 60,000 ft. The group has already fired 20 rockets since 
1954. Launching site will be near Cuxhaven on the North 
Sea. 


Sweden: Sweden is placing a supersonic AA missile in 
operation. Built by the Swedish Air Force, the Mach 3 
missile is two-staged. Sweden is currently spending about a 
million dollars each for missile development and _ procure- 
ment. 


Russia: Soviet Air Force Commander-in-Chief Marshall 
Pavel Zhigarev hints that top priority is being given to the 
ICBM (Red designation, SIG). In his policy-making book, 
“Thoughts on Air Strategy,” published last year, Zhigarev 
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Jet Helicopters 


Pass in Review 


MARINE HRS uses ROR (Rocket on Rotor) 
to boost lift power, increase safety factor 


WORLD’S BIGGEST helicopter, Hughes Aircraft 
turbojet XH-17, can carry 10-ton payload 


FLYING IN FORMATION, Hiller HOE-1’s go through their paces before 
joining the Fleet. Powered by two Hiller ramjets, craft cruise at 60 knots 


ONE-MAN HELICOPTERS, Kellett Aircraft’s ‘‘Stable Mable’ (left) and 
Rotorcraft’s ‘‘Project Pinwheel”’ (right) both use RMI peroxide rocket motors 


HELICOPTER HYBRID, McDonnell’s XV-1, uses conventional pusher props for horizontal STILL EXPERIMENTAL, Fairy Gy- 
flight, pressure - rotors for vertical oe. Piston engine supplies air for jet units rodone is first British jet helicopter 
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- says that the SIG has made the strategic bomber obsolete. 
In addition to intercontinental weapons, “‘space weapons” 
were mentioned. Meanwhile, Soviet party boss Khrushchev 
stated that Russia would soon have guided missiles carrying 
an H-bomb. 

Other sources report that Russia has a rocket with a range 


of 100-150 miles which can be launched from a submarine 300 
ft under the water. The rocket is said to be able to carry a 
nuclear warhead. The Soviets are said to have a missile 
launching sub fleet of about 400. Another report says that 
the Reds are working on a three-stage, manned, intercon- 
tinental glider rocket. 


Roekets at 
Redston 


Gantry lowers REDSTONE missile into test stand 


EDSTONE ARSENAL was established in 1941 near 

Huntsville by the Chemical Warfare Service. Located 

in northern Alabama, it comprises an area of about 40,000 
acres in its 10- by 12-mile plot. 

In 1948 Redstone was designated as a center for the Army 
Ordnance Department research and development activities 
pertaining to rockets and related items. In 1950 rocket ac- 
tivities moved here from Fort Bliss, Texas, with the formation 
of the Guided Missile Division. This move was made by 500 
military personnel, 130 German rocket scientists, 120 General 
Electric Company contractor employees, and 120 Civil 
Service employees. In 1951, a division of Thiokol Corp. 
moved from Elkton, Md., to Line 1 for work on solid rocket 
propellants. Lines 3 and 4 were occupied by a group from 
Rohm & Haas Co. (Philadelphia, Pa.) in 1952, also for work in 
solid propellants. Improvements during this period in- 
cluded: $170,000 for a Thiokol administration building; a 
million dollar Gorges Laboratory for Rohm & Haas; and a 
$4 million construction program. The Rohm & Haas program 
is concerned with shoulder-fired rockets. Another industrial 
firm to join hands with Redstone was the Chrysler Corp. of 
Detroit, Mich. In 1952 Chrysler began work on developing 
the REDSTONE missile. Development work was done at 
Redstone with production at Warren, Mich., and testing split 
between Redstone Arsenal (static) and Patrick AFB, Fla. (dy- 
namic). Chrysler recently joined forces with Redstone and 
the Navy to develop an IRBM in the 1000-1500 mile class. 
Three other industrial firms are also on the base but these are 
not connected with arsenal work. 

The primary mission of Redstone is to serve as a center for 
research and development of guided missiles, including com- 
ponents and systems development in the fields of aerody- 
namics, guidance and control, propulsion, assembly tech- 
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REDSTONE blasts 
off CORPORAL 


Big Three. . .HONEST JOHN, NIKE, 
Army Ordnance 


weapons 


Rocket flashes through accuracy range 


niques, transport, test, and launching. Work is concerned 
with both liquid and solid propellants. Located here is a 
giant new 150-ft test stand, a former Peenemuende wind tun- 
nel, and a Guided Missile School. 

The Redstone Arsenal payroll for 1954 totaled over $33 mil- 
lion and arsenal strength included over 7000 military and 
civilian personnel (excluding contractors such as Thiokol, 
Rohm & Haas, and Chrysler). In 1954 a $23 million expansion 
project was begun. New projects included: a new building 
for the Ordnance Guided Missile School; a $3.67 million engi- 
neering building; and a $2 million guidance and control 
building. With these new developments, rockets may be ex- 
pected to play an increasing role in American ordnance. 
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JPL JOB OPPORTUNITIES ARE 
WAITING FOR YOU TODAY 
in these fields 


—-RADIOGUIDANCE 
MICROWAVES 
SYSTEMS ANALYSIS 
GUIDANCE ANALYSIS 
APPLIED PHYSICS 
ELECTRO MECHANICAL 
INSTRUMENTATION 
INERTIAL GUIDANCE 
TELEMETERING 


PACKAGING 


MISSILE GUIDANCE AND CONTROL...In applying advanced 


Achievements 


Research in Guided Missile Technology 


: servo and noise-theory techniques to missile control systems, JPL has 
led and advanced the field of missile guidance. 

Among specific achievements are the application of Wiener RMS 

methods to multiple-input, multiple-loop servos, and matching missile 

eee trajectory to missile control transfer function for optimum accuracy 


to scientific research and development. Covering an 80 acre area in the 
rising foothills of the San Gabriel mountains, north of Pasadena, it 
occupies an ideal location close to residential districts. 

The working staff of the Laboratory consists of about 1250 people, —s— 
all employed by the California Institute of Technology. The various proj- 
ects are conducted under continuing contracts with the U.S. Government. Ys 

The prime objective of JPL is obtaining basic information in the 
various sciences related to missile systems development and in all phases 
of jet propulsion. Underlying the entire Laboratory activity, a major 
continuous program of fundamental research in the physical sciences is 
constantly in progress. 

In its missile system and jet propulsion undertakings, the Labora- 
tory maintains a broad technical responsibility, from basic research to 
prototype engineering. By virtue of this and the integrated nature of 
the JPL technical staff, each individual is drawn into close contact with : 
the general field to which his specialized technical abilities contribute 
the most. 

If you are interested in knowing more about our work and the 
specific employment opportunities now open, please send us an outline 
of your technical background and experience. 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 


PASADENA, CALIFORNIA Pan 


{ The Jet Propulsion Laboratory is an organization devoted entirely 
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ROD END 
TYPE 


Of service life. Wide variety of Plain Types in bores 
sizes %” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded shanks. 
Our Field Engineers welcome an opportunity of 
studying individual requirements and prescribing a 
type or types which will serve under your demanding 
conditions. Southwest can design special types to fit 
individual specifications. As a result of thorough study 
of different operating conditions, various steel alloys 


have been used to meet specific needs. New types | | 
have been developed, many as a result of specific CHARACTERISTICS ; 
requirements of our customers. Write or wire now for ANALYSIS RECOMMENDED USE | 
revised Engineering Manual. are | 1 Chrome Moly For types operating under high | 
= « Steel Ball and Race $93,000 en loads (3000- 
| y] Stainless Steel For types operating under high | 
| e Ball and Race temp. (800-1200 degrees F.). | 
| 3 Bronze Race and For types operating under | 
| « Chrome Moly normal loads with minimum j 
| Steel Ball friction requirements. | 


THREE TYPES 


1. Light Duty—Compression Ult. Load 
1250 Ibs.; Ult. tension 960 Ibs. 


2. Heavy Duty—Compression Ult. Load 
1650 Ibs.; Ult. tension 960 Ibs. 


| 

| 3. Extra Heavy Duty—Compr. Ult. Load 

| 3050 Ibs.; Ult. tension 3900 Ibs. POSITIVE remote manual control for actuating 
I mechanical, hydraulic or electric devices. Southwest 
7 Controls remain in selected position and are not mate- 
| rially affected by changes in routing due to structure 
| movement. Save on weight, simplify installations. 
Standard “O” rings seal both ends. Spherical shells in 

| tube take the compression load and cable takes ten- 


sion load. Patented U.S.A. All World Rights Reserved. 


Modernize your push-pull control sys- 


| 

tem with Southwest Mechanical Push- | 

pull Controls. Eliminate bell cranks, | 
pulleys and dual cables. Send for 

ENGINEERING MANUAL giving | 

detailed prints and complete specifica- | 

tions covering materials, finishes, | 

capacities. Please address Dept. JP-56 | 


wy Southwest Push-Pull Controls are used on Convair * 
240 and 340; Douglas DC-6, DC-6B, DC-7 and — a 
DC-8; Lockheed Constellation 949 and 1049; and 
other leading aircraft. 
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MISSILES CHIEF Eger V. Murphree, in his first major address since taking public 
office, tells AMERICAN Rocket Society that time is only block to U. S. missile progress 


ARS SEMI-ANNUAL MEETING 


en Conclave Draws Over 300 


N estimated 337 engineers, scien- 

tists, and students from all over 
the country assembled at Cleveland’s 
Hotel Statler last month for the June 
18-20 Semi-Annual Meeting of the 
AMERICAN Rocket Socrety held in 
conjunction with the Semi-Annual 
Meeting of The American Society of 
Mechanical Engineers. 

The showing of the ARS, by far the 
younger of the two societies, surprised 
many of the long-time ARS members 
who recalled the not-too-distant past 
when a small conference room and a 
single banquet table usually sufficed 
for such meetings. 

Host for this meeting was the Cleve- 
land-Akron Section which went all out 
to make its guests weleome.* Despite 
hot and humid weather at the begin- 
ning and the omnipresent hand of 
security throughout (responsible for 
the withdrawal of two papers), the 
meeting was carried off with a high 
degree of polish. Here are some of the 
highlights: 

Ramjets: Marcel Piry of Fairchild 
Engine and Airplane Corp. got the 
session underway with René Leduc’s 
paper (297-56), “Early Work and 
Latest Realizations With Ram-Jet 
Engines.” (Dr. Leduc was unable to 
present his own paper because of re- 
cent illness.) 

Looking forward to the “near 
future’? when men will fly at Mach 2 
without too much difficulty, Dr. 


* While many Section members did an 
outstanding job, special mention should 
be made of the work done by Paul Ordin 
of NACA, arrangements chairman; James 
Daus of NACA, displays; and Henry 
Burlage, Case Institute, program chairman. 


Leduc sees ramjet engines as standard 
powerplants of future aircraft. Back- 
ing this vision, of course, is his long 
experience—dating back to the early 
’thirties—in the ramjet field. 

Of even greater significance, per- 
haps, is the fact that Dr. Leduc has 
had ramjet aircraft under actual flight 
tests since 1949. His latest prototype, 
the 021 now undergoing flight tests 
near Istres, is still subsonic. But, says 
Dr. Leduc, it is the last subsonic ram- 
jet he will build. The next will be a 
truly supersonic airplane. 


@ Albert Gail of Cornell Aeronautical 
Lab spoke next on “The Ramprop— 
A Supersonic Jet-Driven Propeller” 
(296-56). Essentially a 120-ft-long 
ramjet, the Ramprop, as envisioned by 
Mr. Gail, in an upright position would 
act as a rotor to lift or lower an air- 
plane vertically, then convert to a 
horizontal position for forward flight. 
Based on his predicted performance 
characteristics, he believes the Ram- 
prop would be particularly suitable for 
aircraft weighing 150,000 lb or more. 
Use of such a unit, he feels, could, 
among other things, increase payload 
capacity 10,000 lb or more, up speed 
to almost sonic level while matching 
current fuel economies. 

At one time, Office of Naval Re- 
search was interested in the Ramprop 
idea. Now, however, there is prac- 
tically no interest in the subject, said 
Mr. Gail. 


@ Paper 298-56, “Some Fundamental 
Aspects of Ramjet Propulsion” by 
Arthur N. Thomas, Jr., of Marquardt 
Aircraft Co., was a clearance casualty. 


Liquid Propellant Rockets: The 
first paper in the afternoon, ‘“Dy- 
namics of a Pump-Fed, Variable- 
Thrust, Bi-Propellant, Liquid Rocket 
Engine System”’ (299-56), was a joint 
effort by Marvin R. Gore and John 
J. Carroll of Aerojet-General Corp. 
Aimed primarily at those interested in 
control design, this paper established 
the principal dynamics of a_ bi- 
propellant engine over a broad thrust 
range by analog computer simulation 
of the nonlinear physical elements, 
then went on to analyze the perform- 
ance of the rocket engine with typical 
controllers. 


@ The next paper, “A Solid-Liquid 
Rocket Propellant System” (301-56), 
was also a joint effort. Co-authors 
were George E. Moore and Kurt Ber- 
man of General Electric. Dr. Moore 
presented the paper in which was de- 
scribed a self-igniting hybrid rocket 
propellant system employing 90% 
hydrogen peroxide as the oxidizer and 
polyethylene as the fuel. Dr. Moore 
reviewed the reasoning leading to 
interest in such a system and discussed 
briefly some of the project findings. 


@ Getting his paper (302-56) through 
clearance too late to be preprinted, 
John C. Becker, Jr., of Aerojet- 
General finished up the first-day 
sessions with his interesting ‘‘Evalua- 
tion of Various Liquid Rocket Ex- 
haust Jet Flame Suppressants.”’ In an 
attempt to lessen the heat of jet 
flames—and at the same time by-pass 
complicated, heavy, expensive cooling 
systems, Mr. Becker tried four chemi- 
cal additives as flame suppressants. 
Potassium nitrite proved best (the 
others: liquid bromine, potassium 
nitrate, sodium nitrite), made a major 
reduction in the heat of jet flames. 
Why this project was apparently 
dropped was not made clear. 

Time Limit: Climaxing first-day 
activities was the ARS Banquet held 
Monday evening. Toastmaster Wal- 
ter T. Olson, president, Cleveland- 
Akron Section, introduced featured 
speaker Eger V. Murphree. In his 
first major address since taking office 
iast April as Special Assistant to the 
Secretary of Defense for Guided Mis- 
siles, Mr. Murphree offered ARS 
members an optimistic picture of this 
country’s guided missile program. The 
only limitation on (missile) progress, 
he declared, is the time it takes to 
solve technical problems. 

Solid Propellant Rockets: J. F. R. 
Floyd, Applied Physics Lab., Johns 
Hopkins University, spoke first on 
“Launching Solid Propellant Rockets 
from Shipboard Installations” (311- 
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SIGNING IN, newcomers hurried through registration in order 
to be on time for the first morning session (ramjets) at 9:30 a.m. 


ARS MEETING (continued) 


56). Mr. Floyd discussed many of 
the problems peculiar to shipboard 
use of rockets; e.g., launching from a 
rolling platform. All such problems 
have been solved, he concluded; and 
the future will see growing naval use 
of solid propellant rockets. 


@ Joseph W. Wiggins of Thiokol 
Chemical Corp. talked about the ‘“‘Im- 
portance of Mass Ratio and Adapt- 
ability of Case Bonded Solid Pro- 
pellant Rocket Systems for Achieve- 
ment of Super Velocities” (303-56). 
His point, that reduction of inert com- 
ponent weight (as contrasted to im- 
provement of specific impulse) will 
result in significant improvement of 
rocket performance, as the author ad- 
mitted, is still controversial. 


@ In his paper, ‘““Cold-Forming Meth- 
ods for Fabrication of Inert Rocket 
Components During Development”’ 
(304-56), H. R. Grant of Aerojet- 
General described a low-cost, cold- 
forming process suitable for develop- 
mental operations in both aircraft and 
missile work. In addition to being an 
economical way of obtaining quanti- 
ties of parts that would be difficult 
(or extremely expensive) to make by 
other means, said Mr. Grant, the 
process also provides close tolerances, 
high degree of smoothness in the sur- 
face finish, increase in the yield strength 
and nominal ultimate strength. 


@ Paper 305-56, “Range, Burnout 
Velocity, and Design of Solid Pro- 
pellant Rocket Ballistic Vehicles” by 
P. J. Blatz and R. D. Geckler of Aero- 
jet-General, was withdrawn because of 
clearance problems. 

Satellite Flight: | Lead speaker 
Ernst Stuhlinger, Army Ballistic Mis- 
sile Agency, discussed ‘‘Instrumenta- 
tion Problems of Unmanned Satel- 
lites’ (306-56). In his presentation, 
Dr. Stuhlinger also investigated the 
capabilities of satellites for scientific 
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measurements, offered a_ tentative 
scheme for scheduling of planning for 
satellite instrumentation. A stringent 
limitation on satellite instrumentation, 
he pointed out, is the capability of the 
carrier vehicle. And presently exist- 
ing missiles, if combined to multi- 
stage rockets, have satellite capabili- 
ties below 100 lb. 

e S. F. Singer, University of Mary- 
land, treated a somewhat neglected 
area of satellite flight in his paper, 
“The Effect of Meteoric Particles on a 
Satellite’ (307-56). Dr. Singer was 
concerned primarily with the erosion 
phenomena due to impact of high 
velocity meteoric dust. At present, he 
said, scientists honestly don’t know 
whether or not this dust is really a 
hazard to satellite flight. But they 
will have the answer in two years, 
perhaps. 

@ A new concept in space vehicles, 
“The Solar-Powered Space Ship” 
(310-56), was described by Krafft A. 
Ehricke of Convair. This ship, as 
pictured by Mr. Ehricke, would use a 
nonchemical, solar-powered drive and 
would have to be lighter (‘1/10 to 
1/100 lb sq ft) than anything yet de- 
signed. Such a vehicle, he admits, 
goes well beyond the present concept 
of man-made satellites and is ed 


THE AUDIENCES were unusually attentive at most sessions, 
made many notes for discussion periods that followed talk 


more for the post-satellite, space travel 
era. This type ship, he said, is de- 
signed to relieve the logistics problem 
of space travel. 


@ ‘Satellite Communication Prob- 
lems” was the subject of the last 
paper (309-56), by Jorgen Jensen, The 
Glenn L. Martin Co. The first ques- 
tion that comes to mind, said the 
author, is probably the limiting range 
of a satellite communication system. 
But range is no particular problem, he 
concluded; the most serious problems 
will be equipment reliability and gen- 
eration of auxiliary power. 


@ ‘Lifetime of Artificial Satellites of 
the Earth” (308-56) by Irvine G. 
Henry of Aerojet-General was not 
completed in time for presentation. 

Wind-up: Wednesday afternoon, 
ARS members rode out to the Lewis 
Flight Propulsion Laboratory of the 
NACA. Here, after a brief welcome 
by Abe Silverstein, associate direc- 
tor of Lewis Laboratory, visitors 
split into four groups, made a three- 
hour tour of the facility. High spot of 
the tour was a 20-minute look at 
NACA’s recently opened, ‘‘10-by-10” 
supersonic (up to Mach 3.5), wind 
tunnel. This visit officially ended the 
Cleveland Meeting. 


INFORMAL GET-TOGETHERS in lobby were common during meeting breaks, gave 
listeners a chance to go over some of the subjects presented by speakers at sessions 
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It’s a high speed paper: You can run it at 
variable paper speeds up to 400 in./sec., 
with galvanometer speeds up to 2,000 
cycles/sec., with spot velocities up to 
1,000 in./sec. and still get good, read- 
able traces. 


It’s thin: Kodak Linagraph 1344 Paper has 
a new ultra-thin base. No other paper 
gives more footage to a given roll diame- 
ter. High-strength stock, too, with no 
splices in any roll less than 1,000 feet 
long. There’s a special toothing agent 
in the emulsion that makes it easy to 
write on with ink or pencil. 


It doesn’t stain: After stabilization proc- 
essing, the paper is still a clean white 


JuLy 1956 


_——- Kodak Linagraph 1344 Pap 


... you'll want to try it 


EASTMAN KODAK COMPANY, 


20X photomicrograph of high-spot-velocity 
trace on Kodak Linagraph 1344 Paper. 


er is new 


without a hint of the brownish-pink 
stain characteristic of high speed papers. 
It’s easy to read by visual inspection and 
on data reduction equipment. It makes 
good, sharp duplicates on diazo-type 
equipment. 

But, suppose you’re running at slow 
paper speeds, say 10 in./sec. Then you 
don’t want the extreme sensitivity of 
Linagraph 1344 Paper. So you use Kodak 
Linagraph 483 Paper which comes on 
the same ultra-thin base, has a wide ex- 
posure latitude, and can be processed at 
temperatures up to 120 F. Clean, white 
background—black, black traces. From 
your Kodak Graphic Reproduction 
dealer. 
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AERODYNAMIC DESIGN 


THERMODYNAMIC DESIGN 


EXPERIMENTAL ANALYSIS 


A few selected engineering positions with a fine 
established company located in the Northeast. 


For further information, write to 


BOX L, AMERICAN ROCKET SOCIETY 
500 FIFTH AVENUE 
NEW YORK 36, NEW YORK 


Fletcher Pratt Dies 


Fletcher Pratt, a founder of the 
American Rocket Society, died June 10 
of cancer in Monmouth Memorial Hos- 
pital, Long Branch, N. J. He was 59 
years old. 

A well-known writer, scholar, and 
military expert, Mr. Pratt gained his 
greatest prominence as a writer on mili- 
tary and naval subjects. For the first 
issue of the Bulletin, the Society’s 
original publication and forerunner of 
Jer Proputsion, Mr. Pratt contributed 
a summary of a paper on “The His- 
torical Background of Interplanetary 
Travel” (Jer Proputston, Nov. 1955, 
p. 588). 

Born near Buffalo, N. Y., Mr. Pratt 
was living in Highlands, N. J., at the 
time of his death. Surviving are his 
wife, Mrs. Inga Stephens Pratt, and a 
brother, Robert H. Pratt of Washing- 
ton. 


This part of Ramo-Wooldridge’s 
overall systems engineering respon- 
sibility for the Air Force Intercon- 
tinental Ballistic Missiles and the 
Intermediate Range Ballistic Mis- 
sile includes test programming, 
coorcination, and evaluation. 


Engineers. 
Experienced 
in Missile 
Test Programs 


are invited to consider 


Propulsion 

Electronics 

nstrumentation 
est Administration 
are among the scientific and engi 
neering specialties particularly 
applicable to the Ramo-Wooldridge 
Systems Test Staff at Edwards. 


The Ramo-Wooldridge salary pro- 
gram includes special allowances 
for members of the staff stationed 
at Edwards Air Force Base. 


several assignments on 
the Ramo-Wooldridge 
Staff at Edwards Air 
Force Base, California. 


Please address inquiries to MR. R. A. BURGIN 


The Ramo-Wooldridge Corporation 


* LOS ANGELES 45, CALIF. * ORCHARD 2.0171 _ 
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Detroit Honors Keller, 
Elects Williams 


On May 28, ARS National Awards 
Chairman John Cowen (left) prese snted 
K. T. Keller, former board chairman of 
Chrysler Corp., with a citation for his dis- 
tinguished service as guided missiles pro- 
gram director for Dept. of Defense from 
1950 to 1953. Other meeting highlights 
were a talk by Lovell Lawrence, Jr. 
(below, left), Chrysler missile scientist, on 
the potential use of man-made stars with 
built-in nuclear power plants as naviga- 
tional aids, and the election of Charles W. 
Williams (below right) of Chrysler Missile 
Operations as Section president. 


Section Doings 


Cleveland-Akron: At a regular business 
meeting on May 17, the Section installed 
the following officers and directors: Adel- 
bert O. on president; Luiz R. Lazo, 
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ob AYTHEON, a leader in anti-aircraft missile and eateesen pn design, announces a 
= broad expansion program creating excellent opportunities for engineers at all levels. A 

rime contractor to the Navy, Army, and Air Force on weapons systems programs, Raytheon 
hiss overall responsibility for system development encompassing the following fields: 


MISSILES 


lll SYSTEM (Navy) 
HAWK | SYSTEM (Army) . 
NAVIGATION 


c DOPPLER NAVIGATORS (Air Force and Navy) 
ALTIMETERS (Air Force and Navy) 


AIRCRAFT CONTROL SYSTEMS 


COHERENT Al RADARS (Air Force and Navy) 
SEARCH AND TRACKING RADARS (Army) 
COUNTERMEASURES (Air Force) 


> The Missile Systems Division of Raytheon has plants at Bedford, Mass., Maynard, Mass., 
Lowell, Mass., with flight test facilities at Oxnard, Calif. and White Sands, New Mexico. The 
a: plants are located in areas offering a choice of urban or country living with excellent housing 
ss at a reasonable cost. Top-flight engineers at all levels are needed for the direction and 
implementation of advanced development work in the following fields. 


COHERENT RADAR SYSTEMS rat CIRCUIT DESIGN 

SYSTEMS ANALYSIS _ AIRBORNE COMPUTER DESIGN 
AERODYNAMICS MICROWAVE 
STRUCTURES MECHANICAL DESIGN 
OPERATIONS ANALYSIS — ELECTRONIC PACKAGING 
HEAT TRANSFER PRECISION SERVO SYSTEMS 
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SYSTEMS 
DIVISION 
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Howard W. Douglass, 
secretary-treasurer; John C. Feldscher, 
two-year director. Henry Burlage, Jr., 
continues as a director for the coming 
year. 

Columbus. On April 26,‘Section mem- 
bers gathered at Battelle Institute, listened 
to William Beach, chief thermodynamicist, 
North American Aviation, Columbus Div., 
discuss several problems (and some possi- 
ble solutions) associated with the thermal 
barrier. 

The next meeting, May 24, featured a 
talk by Fredrick Hitchcock, specialist in 
aviation physiology at Ohio State Univ. 
Dr. Hitchcock spoke about the physiolo- 
logical problems associated with space 
flight. 

Connecticut Valley: At a dinner mect- 
ing of the M.I.T. Club of Hartford, Sec 
tion President Charles King, Jr., spoke 
about “Rockets and the ARS.” 

Univ. of Connecticut student branch of 
ARS held an organizational meeting April 
18, made plans to complete the organiza- 
tion at the beginning of the fall term. The 
meeting, moderated by Section Secretary 
Sheldon Dolinger, featured talks on rockets 
and the Society by Frank Gabron and Roy 
Terwilliger of United Aircraft Corp. 

National Capital. Mrs. Rotert H. God- 
dard was guest of honor and first speaker 
at Section’s May 23 dinner meeting. Mrs. 
Jean C. Bergaust, president of the Sec- 
tion’s newly formed Women’s Auxiliary 
Group, presented Mrs. Goddard with a 
life membership certificate in the group. 

Following Mrs. Goddard’s talk, ARS 
Board of Directors Chairman Andrew G. 


vice-president; 


Haley reported on NATO guided missile 
meeting held in Munich last April; and 
the Army Ordnance space flight film, 
moderated by Wernher von Braun, was 
shown. 

New York: On June 9, about 500 mem- 
bers of ARS and American Helicopter So- 
ciety journeyed to Denville, N. J. Here, 
Reaction Motors, Inc., played host, pro- 
vided luncheon and demonstrations of 
company products. Top items of interest: 
a new model of the rocket motor that 
drove the Bell X-1A to world speed and 
altitude records and a Marine helicopter 
equipped with ROR (see Jer PRopULSION 
News, p. 583). 

Northern California: Leading West 
Coast scientists (photo) listened to Con- 
vair’s Krafft A. Ehricke discuss ‘The 
Challenge of Space Flight’’ at a meeting 
held May 10 at the Engineers’ Club in 
San Francisco. The audience also wit- 
nessed the launching of an Aerobee rocket 
in a film titled ‘Sky Is No Limit.’’ The 
program—sponsored jointly by local sec- 
tions of ARS, ASME, and Institute of the 
Aeronautical Sciences—capped the North- 
ern California Section’s recent membership 
drive. 

Twin Cities: Pending a regular election 
in the fall, Section officers were appointed 
on an acting basis at a reorganizational 
meeting May 11. The appointees: presi- 
dent, C. C. Chang, Univ. of Minnesota 
Aeronautical Engineering Dept.; secre- 
tary, Thomas F. Irvine, Jr., Univ. of 
Minnesota Dept. of Mechanical Engineer- 
ing; treasurer, Melvin Diels, Minneapolis- 
Honeywell Regulator Co. 


Prior to attending the May 10 meet- 
ing of the Northern California Section, 
several scientists visited the new Low 
Density Wind Tunnel at the Univ. of 
California’s Richmond Field Station. 
Taking the tour were (above, from left, 
standing): A. J. Eggers, Jr., president, 
Northern Cal. Section, ARS; George 


Watching a Wind Tunnel 


Oakland Tr: 


Cooper, chairman, Northern Cal. Sec- 
tion, Inst. of Aeronautical Sciences; 
Krafft A. Ehricke, Convair; F. W. 
Beichley, chairman, San Francisco 
Section, The American Society of 
Mechanical Engineers; (seated) Mor- 
rough P. O’Brien, dean, University of 
California, College of Engineering. 


To the 


ENGINEER 
of high 
ability 


AiResearch is looking for 
your kind of engineer, 
Through the efforts of engineers 
like yourself our company has 
become a leader in many 
outstanding aircraft accessory 
fields. Among them are: 
air-conditioning and 
pressurization, heat transfer, 
pneumatic valves and controls, 
electric and electronic controls, 
and the rapidly expanding 

field of small turbomachinery. 
AiResearch is also applying 

this engineering skill to 

the vitally important missile 
accessory field, 

Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your 
creative talents and offer you 

the opportunity to progress 
by making full use 

of your scientific ability. 
Positions are now open for 
aerodynamicists...mechanical 
engineers... physicists... 
specialists in engineering 
mechanics... electrical engineers 
... electronics engineers. 

For further information write 
today to Mr. Wayne Clifford, 
THE GARRETT CORPORATION 
9851 S. Sepulveda Blvd., 

Los Angeles 45, California. 
ap Indicate your preference 
as to location between 
Los Angeles and Phoenix. 


AiResearch 
Manufacturing 


Divisions 
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Testing of critical aircraft compo- 
nents and systems is now performed 
on a precision production basis in 
these completely equipped labora- 
tories. 

Here, in more than 75 test cells 
and test stands, finely-engineered 
AiResearch products are given 
every test necessary to insure per- 


fect operation. 


Altitudes are simulated from 
1,000 feet below to 75,000 feet 
above sea level; pressures up to 
1,000 psi; temperatures from —80° 
F to +1,000° F; air flow up to 1410 
pounds per minute. 

Units tested include gas turbine 
engines, air turbines, air turbine 
starters, pneumatic controls, cabin 
pressure regulators, valves, refrig- 


New AiResearch Production Test Laboratory in Phoenix, Arizona 


Finest production test facilities 
prove aircraft system compatibility 


eration turbines, heat transfer 
equipment and complete systems 
employing these and additional 
components. 

These unsurpassed test facilities 
are another reason why you can 
rely on the performance of 
AiResearch products. 

Qualified engineers are needed 
now. Write for information. 


SRPORATIO™ 


AiResearch Manufacturing Divisions 


Designers and manufacturers of aircraft systems and COMPONENLS: REFRIGERATION SYSTEMS * PNEUMATIC VALVES AND CONTROLS * TEMPERATURE CONTROLS 
CABIN AIR COMPRESSORS * TURBINE MOTORS * GAS TURBINE ENGINES * CABIN PRESSURE CONTROLS * HEAT TRANSFER EQUIPMENT * ELECTRO-MECHANICAL EQUIPMENT * ELECTRONIC COMPUTERS AND CONTROLS 
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Los Angeles 45, California « Phoenix, Arizona 


‘ 
id 
3 ¢ = 
r 
’ 
> 
THE 
_ 
: 


GOOD NEWS FOR 
TURBINE SPECIALISTS 


If you are a turbine specialist, turbomachinery engineer—or interested in any 
phase of the design, development testing or manufacture of large, liquid-pro- 
pellant rocket engines— we can offer you some outstanding job opportunities. 

We are one of the country’s leading manufacturers of rocket engines for the 
Armed Services and the missile industry, with a 10 year backlog of experience 
in all phases of rocket engine development and manufacture. 

New engine designs, new pumps and the powerful turbines to drive them, 
and the testing of completed engines to meet the rugged requirements of space 
flight are just some of the interesting phases of our work. 

What’s more, we offer you the added attraction of working and living in the 
beautiful San Fernando Valley in Southern California. It’s to your advantage 


to write immediately. 


Thermodynamicists—To analyze and 
develop high speed, subsonic and super- 
sonic turbines. Aircraft jet engine or in- 
dustrial steam turbine experience desired. 


Turbomachinery Engineers —To work 
on the analysis, design and development 
of high speed rotating machinery. Open- 
ings are available for specialists in Gear- 
ing, Bearings, Rotating Seals, Subsonic 
and Supersonic Turbines, Centrifugal and 
Axial Flow Pumps and related mechan- 
ical activities. 


Analytical and Experimental Develop- 
ment Engineers —With background in 
Thermodynamics, Aerodynamics, or 
Hydrodynamics, to work on subsonic and 
supersonic turbines, radial and axial flow 
pumps and other problems associated 
with high speed rotating machinery. 


Engineers — Mechanical and Aerody- 


Write Mr. A. W. Jamieson, Rocketdyne 
JP, 
6633 Canoga Ave., Canoga Park, Calif. 


Engineering Personnel, Dept. 


OF 


POWER 


namic Engineers with experience on 
compressors, turbines, high speed axial 
flow and centrifugal pumps for analysis, 
design and experimental development 
work on high speed turbomachinery. 


General Mechanical Design of compo- 
nents of high speed rotating machinery 
such as gears, bearings, rotating seals, 
hydraulic drives and transmissions, tur- 
bines and pumps. 


Hydrodynamicists for analytical and 
experimental development work on cen- 
trifugal and axial flow pumps. 


Aerodynamicists and Thermodynami- 
cists for analytical and experimental de- 
velopment work on high speed subsonic 
and supersonic turbines. 


Stress Analysts with experience on high 
speed turbomachinery. Background in 
gas turbine and jet engines preferred. 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


FOR 


SOUTER SPACE 


Attending symposium on history of Ger- 
man guided missiles in Munich April 23-27 
are ARS members Arthur P. Adamson (at 
top, left foreground), James J. Harford 
(second row, left), and J. B. Cowen 
(above, second row, right). Meeting was 
sponsored by AGARD and organized by 
Wissenschaftliche Gesellschaft fiir Luft- 
fahrt, the German aeronautical society. 
Andrew G. Haley, ARS board chairman, 
was host at a reception for AGARD’s 
chairman, Theodore von K4rmén, during 
the meeting. 


... and in Montreal 


| CANADAIR LI 


Shown : of Canadair 
Ltd., J. Geoffrey Notman (center) and the 
president of the Engineering Institute of 
Canada, R. E. Heartz (right) is ARS Ex- 
ecutive Secretary Harford. Occasion is 
visit to Canadair plant during 70th meet- 
ing of EIC which was cosponsored by 
ARS and ASME. More than 200 engi- 
neers attended session in which Admiral 
F. R. Furth’s paper on Project Vanguard, 
sponsored by ARS, was heard. Meeting 
took place in Montreal May 23-25. 


ARS Meetings Calendar 


Sept. 17-21: Seventh International Astro- 
nautical Congress, Palazzo dei Congressi, 


Rome. Space flight. 
Sept. 17-21: Annual Meeting and Exhibi- 
tion, Instrument Society of America, 


Coliseum, New York. 

Sept. 24-26: ARS Fall Meeting, Hotel 
Statler, Buffalo. Combustion, instru- 
mentation, education, liquid propellants. 

Nov. 25-30: ARS-ASME Annual Meeting, 
New York. General subjects. (Manu- 
scripts due Aug. 27; to Andrew G. Haley, 
1735 DeSales St., Washington 6, D. C.) 
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For outstanding engineers at all levels, Avco’s 
long-range expansion—in missiles and in all the 
physical sciences—offers unprecedented opportu- 
nity. Write: Dr. E. R. Piore, Vice-President in 
Charge of Research, Room 403G, Avco Research 
and Advanced Development Division, Stratford, 
Conn., or Phone Bridgeport, Conn., DRexel 8-0431. 


aveo 


avco defense and industrial products 


“Freedom from routine, an atmosphere of inquiry, and provocative assign- 
ments are all important to an engineer’s growth. But possibly the most 
important factor of all is the mental stimulation provided by able associ- a 
ates. It’s «important at all levels... it’s essential to a young 


WANTED 


“Top-level associates’ says Dr. J. A. Kyger, 
noted authority on nuclear engineering, 


formerly Chief Scientist for Nuclear Power 
Division, U.S. Navy Bureau of Ships, now 
Project Director of Avco Research and 
Advanced Development Division: His answer 
reflects both the thinking and opportunity 

in this new Avco division devoted entirely 

to advanced research and development. 


Leaders in the exploitation of new areas of Science 


Physical Scientists 
Advanced degree preferred in— Physics - Aerodynamics 
Electronics - Metallurgy - Physical Chemistry - Mathematics 


Engineers 


Electronic - Mechanical - Aeronautical - Chemical | 


esearch and Advanced Development 


iwision 


combine the scientific skills, and production facilities of 3 great divisions of Avco Manufacturing Corp.: Research and Advanced 
Development; Crosiey; Lycoming — which currently produce power plants, electronics, airframe components, and precision parts. 
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An important group of engineers in the air- 
craft industry is already working on the thresh- 
old of outer space. 

That group is at Martin, where creative engi- 
neering is being applied to research and develop- 
ment in the most advanced areas of rocketry and 
space systems planning. 

Noother organization in the world hasa higher 
ceiling on its future. 

This is the ground floor, and it’s earlier than 
you think. If you are interested in exploring 
some of the most exciting engineering oppor- 
tunities in the world today, contact J. M. Holly- 
day, Department JP-07, The Martin Company, 
Baltimore 3, Maryland. 


**Solar Soirée”’ 

‘OP event of the year’s social season in 

the land of the boondocks was the 
First Annual Solar Soirée of the New 
Mexico-West Texas Section. Upon enter- 
ing the BOQ at White Sands Proving 
Ground, where the event was held, “space 
travelers’’ exchanged tickets for planet 
passes, checked baggage, weighed in, and 
awaited flights in the cocktail lounge 
Red Fuming Nitric Acid, diluted some 
what with alcohol, was reported to be the 
principal beverage. Flight arrival and 


departures were announced, and dancing 
took place in a star-decorated room. 


Left: Space ranger and rocket ship host- 

ess, Mr. and Mrs. James Sims. Right: 

Mr. and Mrs. L. Gardenhire wearing 
prize-winning costumes 


Left to right: Pogo-Hi: Gilbert (Pogo) 

Moore; Mars-Keteers: Dr. and Mrs. 

R. K. Sherburne; Parachute: Mrs. Gil- 
bert Moore 


Left to right: George W. Gardiner, 
Capt. Levering Smith, Mr. and Mrs. Herb 
Karsch, and Nathan Wagner 
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Terrier-Armed Cruiser to Defend 
Navy’ s Atlantic Fleet Task Forces 


By Davin A. ANDERTON 
MISSILE Division 


Aviation Week, November 7, 1955.— The powerplant, @ sustainer rocket built 
Operational integration of the Navy’s first by the M. W. Kellogg Cos occupies the bay 
guided missile cruiser—the USS Boston petween the wings and the tail. The aft 
(CAG-1)—will begin early next year when guidance section mounts the fins, antennas 
the converted ship joins the Atlantic Fleet. and related avionic gear: 

The Boston js armed with two twit launch- Convair produces both guidance sections, 
ers firing the supersonic C onvair Terrier anti- the spines connecting those sections, and all 
aircraft missile. Fleet operati the aerodynamic surfaces. 

Terrier follow extensive test The Boston, 38 the first guided-missile 
missile, including @ series from cruiser, forms the nucleus of the Navy’s first 
Fleet’s experimental gunnery ship, Ss guided-missile division. 
Mississippr- 

TERRIER HisTORY 

The Terrier is the first weapons system to 
come from the Bureau of Ordnance’s ten- 
year-old Section “T” contract with the article. Tike 
Applied Physics Laboratory of Johns Hop- a pee e M. W. Kellogg Compan 
kins University. Prompted by Japanes initial conception of the T y also participated 

ks in the closing months ¢ system and in the ultimate d ted S propulsion 
the bureau established th guided missile as one of th evelopment of this 
d development projet aircraft weapons. To dat e Navy's primary ant 

of Bumblebee. induStrial Kellogg's unique 

Scientists of JHU/APL made init of high temperatur in the utilization and 
studies that led to the Terrier; other phases es and pressures h o 

1as contribute 
of the Bumblebee program have produced t 
Talos, another anti-aircraft missile with 
ramjet propulsion, and the Triton. 

As Terrier tests made the missile look more 
and more promising, the Navy opened a new 
production plant at Pomona, Calif., and 
turned the operation of the facility over to 
the Convair Division of General Dynamics. 
Production began in January 1953. 


In addition 
actually building the Terrier’ 
aS Mentioned in this “Aviat 
ation Week"' 


to the engin 
= eering and 
production of 
nt rocket engines for the Arm pe sis 
ed Force 
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Manufacturer's Twenty Member Motion Picture Unit sets up to shoot Northrop F-89D all- oo wa jet interceptor for sequences in Northrop Training Department film. 


INDUSTRY'S USE OF 16MM CAMERAS BROADENS): 


Northrop Aircraft Demonstrates Expanded 
Industrial Use of Mitchell Cameras 


Over 100,000 feet of film were shot last year by two 16mm Mitchell cameras 
operated by a full-scale motion picture unit at Northrop Aircraft. Operating daily 
throughout the year, these 16mm cameras provide impressive evidence of the rising 
role of professional motion picture equipment in American Industry today. 


Northrop, a leader in airframe and missile manufacture, makes diversified use of 
their Mitchell cameras. Motion pictures range from employee activities to engi- 
neering test films—where re-shooting is impossible and where steady, accurately- 


Safet 
missi 
and | | 


framed film of superior quality is consistently delivered by Mitchell cameras. assig! 

No other single camera is today used by American Industry for such a broad — 
range of filming requirements as is the Mitchell camera. Easy operating Mitchell initia 
cameras help create sales, meet delivery schedules, and systematize and accelerate flight 
research and development. For details about Mitchell equipment that will meet the “ 
your specific needs, write today on your letterhead. ee Se Sree 


Alaska Bound test pilot Bob Love and Columnist Marvin Miles 
being filmed by Mitchell camera for Northrop Public Relations § Meth 
Department. bodie 
(2,73¢ 
Gutti 
Webe 


For Quality Control Film, Mitchell camera 104 Rocket Salvo of twin-jet F-89D is cap- 
moves in for close shots of Scorpion F-89D. tured on 16mm Engineering Test film. 


CORPORATION the fi 


666 WEST HARVARD STREET emplo 
GLENDALE 4.CALIFORNIA is rot 


Cable Address: “MITCAMCO” with | 


Gazet 
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New Patents 


Blast fence for jet engines (2,726,830) 
Edward L. Brown, John M. Robertson 


and George E. Shafer, Middletown, Ohio 
assignors to Armco Steel Corp. 

Spaced parallel curved vanes extending 
between a metal frame, and set at an angle 
to the horizontal. The vanes slope in the 
opposite direction to the framework to de- 
flect the blast. 

otechnic compositions. 
Heiskell, San Bruno, Calif. 

Dark burning no-flash ignition pellets 
for igniting a delayed ignition projectile 
tracer with up to 10% of lubricant. 

Pellet (Patent 2,726,943) comprises at 
least 10% not to exceed 90% of an oxygen 
bearing compound selected from the group 
consisting of cupric oxide, barium per- 
oxide, antimony pentoxide, lead dioxide 
and lead chromate. 

Pellet (Patent 2,726,944) comprises 

90-30% barium peroxide 10-70% of a sul- 
fide selected from the group consisting of 
chromium monosulfide, chromium tetro- 
sulfide, and selenium sulfide. 
Fuel for and method of operating a jet 
engine (2,729,936). Sylvester C. Britton, 
Bartlesville, Okla., assignor to Phillips 
Petroleum Co. 

A fixed size fuel consisting of between 
5° and 95% by volume 1-olefins boiling 
between 90 and 500 F is injected into the 
combustion chamber. Air is injected into 
the chamber at a Mach number between 

0.01 and 1.00 at a pressure between 0.2 and 
40 atm, at a temp between —30 and 1040 
F. Fuel is burned at a combustion effi- 
ciency within range from 40% to 100% to 
heat the air and gases. 


Raymond H. 


2,730,046 


Safety device for the explosive head of a 
missile (2,730,046). Lars O. Bergstrom 
and Karl E. W. Hjelm, Bofors, Sweden, 
assignors to Aktiebolaget Bofors Corp. 

Fuze magazine for detonating the charge 
of a rocket-type missile. The force of the 
initial linear acceleration by the missile in 
flight acts upon a yieldable means within 
the explosive head responsive to a physical 
magnitude developed and rendered effec- 
tive upon discharge of the missile. 


Method of and apparatus for guiding flight 
bodies along preselected flight paths 
(2,730,715). Gustave Guanella, Paul 
Guttinger, Max Lattman, and Georg 
Weber, Zurich, Switzerland, assignors to 
“Patelhold”’ Patentverwertungs and Elec- 
tro-Holding A. G. and “‘Contraves” A. G. 

Flight bodies are steered along a desired 
flight path in accordance with the degree 
of modulation of signal energy received on 
the flight body. Two individually dis- 
tinctive beams of ultrashort-wave radio 
energy and of different angular spread, are 
employed. The beam of greater spread 
is rotated about the desired flight path 
with its axis of maximum intensity at a 
preselected relatively large angle, and the 
beam of lesser spread about the desired 


George F. McLaughlin, Contributor 


flight path is rotated with its axis of maxi- 


mum intensity at a different and relatively | 


small angle. 


2,733,570 
Injection head for jet propulsion system 


(2,733,570). George L. Macpherson, Sco- 
tia, N. Y., assignor to General Electric Co. 
Sheet metal outlets in an injection head, 
having hollow conelike protusions, each 
terminating in a face. A flat sheet-metal 
faceplate has holes mating with the faces 
surrounding the faces for the issue of fue 
reactants. 
Jet-driven helicopter rotor power plant 
control system (2,734,585). Richard H. 
Ball, Thomas B. Murdock, and Hugh M. 
Ogle, Schenectady, N. Y., assignors to 
General Electric Co. 

Control system for a rotor-tip jet 
propelled helicopter. Control lever with 
a fulcrum variably positioned to control 
fuel-air ratio supplied to rotor tip jets in 
response to movement of main regulator. 
Airplane control surface and jet deflecto 
arrangement (2,734,698). Joseph W. 
Straayer, Birmingham, Mich., assignor to 
Boeing Airplane Co. 

Jet engine located beneath a control 
surface at the trailing edge of an airfoil. 
The surface is capable of movement from 
a normal neutral position into a controlling 
position. The rear end of the tailpipe 
located ahead of and sufficiently close to 
the surface so that the undeflected jet 
from the tailpipe impinges on the control 
surface or jet will clear surface with move- 
ment into its downward deflected position. 
Support means (2,735,262). Frederick L. 
Geary, Springfield, Mass., assignor to 
United Aircraft Corp. 

Afterburner with variable area nozzle 
surrounding the thrust nozzle and movable 
into a position for decreasing the effective 
area. When the thrust nozzle is in op- 
eration it expands into engagement with 
the ring surrounding the thrust nozzle, the 
space between the nozzles sealed to mini- 
mize flow of hot gas past the ring. 


Combination rocket and ramjet power 
plant (2,735,263). Jack O. Charshafian, 
Englewood, N. J., assignor to Curtiss- 
Wright Corp. 

Rocket carried in an open ductlike 
member in a jet engine. The rocket has a 
combination chamber and a conical con- 
duit which discharges rocket combustion 
gases into a hollow conical jet to induce air- 
flow through the duct. 

Nozzle construction for jet engines 
(2,735,264). Charles S. Jewett, Ramsey, 
N. J., assignor to Curtiss-Wright Corp. 

Adjustable nozzle comprising two pairs 
of concentric movable spherical segments. 
Each inner pair of segments has a smaller 


Eprror’s Norte: 
Gazette of the U. S. Patent Office. 


The patents listed above were selected from recent issues of the Official 
Printed copies of patents may be obtained at a cost 


of 25 cents each, from the Commissioner of Patents, Washington 25, D. 
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STATHAM UNBONDED 


STRAIN GAGE TRANSDUCTION 


MINIMUM RESPONSE TO 
VIBRATION OR ACCELERATION 


TEMPERATURE COMPENSATION 
OVER 315 F. INTERVAL 


20 MILLIVOLTS 
AT VOLT EXCITATION 


PRESSURE ADAPTERS 
FOR CLOSED LINE APPLICATIONS 


HOMOGENEOUS SENSING 
DIAPHRAGM SURFACE 


NO EPOXY 
RESIN PRESSURE SEALS 


MAXIMUM LINEARITY 


ABSOLUTE PRESSURE 
0-5 to 0-150 PSIA... MODEL P130 


DIFFERENTIAL PRESSURE 


+ 2.5 to +25 and 0-5 to 0-150 PSID...MODEL P131 


GAGE PRESSURE 
0-5 to 0-150 PSIG... MODEL P132 


BULLETIN MPT-1 
contains complete specifications 
on the foregoing 
pressure transducer models. 


All matters pertaining to sale or use of 4 


instruments of our manufacture 
are handled by engineering personnel 
directly from our Los Angeles plant. 


_ Please feel free to wire or 
_ telephone us collect whenever we 
4 may be of service. 
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HIGH-SPEED CAMERA 


oe Developed to record accuracy 
of ground-to-air and air-to- 
7 air guided missiles 


Traid 500 16mm “ 


Motion Picture Camere 


Shuttle Claw 


Aperture Plate 


Guide Sprocket Take Up Sprocket 


7 


TECHNICAL DATA AND OPERATING CHARACTERISTICS: 

FILM SIZE: 16mm... FILM CAPACITY: 200 ft. daylight loading spool... DIMENSIONS: 
6%" high x 5%” wide x 7-5/8" deep... MOTOR: 28V-DC or 115V-AC (optional)... POWER 
CONSUMPTION: 28V—5 amps — 115V—=1.4 amps... CAMERA SPEEDS: 100 and 200 fps 
standard . . . LENS MOUNT: Single lens “C” screw type. GSAP Mount available . . . 


EXPOSURE: 1/1000 sec. at 200 fps with 72° shutter ... CAMERA MOUNT: Dovetail plate 
mates with permanent mount receptacle. 


OPTIONAL FEATURES: 

POSITIVE VIEWFINDER: For direct viewing... CORRELATION SWITCH: Provides output 
pulse for every 40 frames... TIMING SYSTEM: Places 120 or 60 pips per sec. on film 
... EVENT TIMER: To control timing system to record an event... LIMITING SWITCH: 
Cuts off power at end of run... HEATER: Thermostatically cuts in at +60F ... PILOT 
PIN: Provides positive frame to frame registration. 


ACCESSORIES: 

RADIO INTERFERENCE FILTER: In power line... BORESIGHT: Two types available... 
ERECTOR ASSEMBLY for 90° viewing ... TRACKING FINDER: 16mm reticle with calibra- 
tions for lenses from 0.7 to 4.0 in.... INSULATION BLANKET: For excessive heat or 
cold... RECEPTACLE: Mating permanent dovetail plate... HUBER MOUNT: CARRYING 
CASE: LENSES. 


A full line of high speed and The completely new Traid Cat- 
data recording cameras is manu-  alog containing fully detailed and 
factured and distributed by the illustrated technical data, opera- 
Traid Corporation. Complete en- tional characteristics, with prices 
gineering services in the field of on equipment and accessories, is 
photographic research are avail- available upon request. Address 
able to science, industry and for D-3 Traid Corporation, 4515 
military requirements. Sepulveda, Sherman Oaks, Calif. 


Film travel from stacked 4 
spools inTraid500 : 


| 


radius than the outer pair so as to be 
‘marge A movable for varying the ex- 
aust duct area. 


Warship weapons system, including air- 
craft storing and launching arrangement 
(2,735,391). Herbert H. Buschers, Tow- 
son, Md., assignor to The Glenn L. Mar- 
tin Co. 

Cylindrical hangar for storing rockets or 
aircraft on the deck of a submarine. 
Rockets, stacked one above the other on 
guide rails, may be moved to a launcher 
which is locked in the raised position for 
launching, and retracted against the deck 
when not in use. 


Jet propelled aircraft (2,735,633). James 
W. Manning, Huntington Park, Calif. 

Fuselage having a pointed nose with 
bottom and top surfaces rounded and side 
portions flat. A pair of spaced passage- 
ways for air intake extend through the 
body and communicate with spaced cut- 
outs in the tailpipe. Sprayed fuel is 
burned with air from the passageways to 
produce additional thrust. 


Afterburner and exhaust nozzle controls 
for gas turbine engine (2,736,166). Frank 
C. Mock, St. Joseph, Ind., assignor to 
Bendix Aviation Corp. 

Tailpipe terminating in a reaction jet. 
The jet area may be varied to maintain 
constant preselected pressure ratio be- 
tween compressor inlet pressure and tail- 
pipe pressure during all conditions of en- 
gine operation. 


Air fuel ratio control for ramjets (2,736, 
167). Walter D. Teague, Jr., and Pas- 
quale A. DePadova, Newark, N. J., as- 
signors to Bendix Aviation Corp. 

Temperature sensing means at the inlet 
and outlet conduits of the combustion 
chamber control the quantity of fuel 
pumped into the chamber. A fluid pres- 
sure turbine drives the variable speed 
fuel pump. 


Liquid fuel control system for a rocket 
engine (2,738,648). Hugh M. Ogle, 
Schenectady, N. Y., assignor to General 
Electric Co. 

Rocket propelled fuel system with a 
bellows responsive to pressure output of a 
liquid oxygen pump. A control regulates 
the flow of oxygen to the combustion 
chamber, and manual means are provided 
for adjusting the effect of the bellows. 


Gas turbine engine with thrust balancing 
coupling (2,738,920). Chas. J. McDowall, 
New Augusta, Ind., assignor to General 
Motors Corp. 

Means for opposing end thrust to reduce 
thrust bearing load. An elastic member 
between the stator and rotor is coupled to 
be stressed by thermal expansion, exerting 
a thrust on the rotor in opposition to the 
rotor end thrust. 


Boundary layer control apparatus for com- 
pressor (2,738,921). George F. Haus- 
mann, Hartford, Conn., assignor to 
United Aircraft Corp. 

Scoop adjacent to the inner radial end 
of stator blades for inducting boundary 
layer flow along the inner wall of an 
annular passage. The flow is discharged 
into the passage adjacent to the outer wall 
of the passage. 


Temperature responsive control system for 
gas turbine power plant having exhaust 
reheating (2,739,441). John H. Baker 
and John W. Jacobson, Schenectady, 
N. Y., assignors to General Electric Co. 

Tail pipe reheat fuel burning for thrust 
augmentation. Variation from a prede- 
termined desired temperature is corrected 
automatically by trimming the reheat fuel 
regulator. 
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@ One of eight permanent Ordnance 
Corps arsenals, Redstone is the center 
for the Army’s rocket and guided missile 
program. Its 40,000 acres are located on 
the Tennessee River near Huntsville, 
Ala., and house research laboratories, 
environmental test equipment and sev- 
eral rocket-testing ranges. Redstone 
key to the Arsenal's military and civilian scientists 
Mid and engineers produce weapons ranging 


from a tiny training rocket to the giant 


hatt efields | : ule IRBM, now being developed on a crash 
basis by the recently-established Army 


Ballistic Missile Agency. 


From the research, development, pro- 
duction and field service headquarters 
located at Redstone flow thousands of 
directives covering the rocket and 
guided missile work being done by 
research laboratories, universities and 
private industry throughout the nation. 
Weapons systems developed by this 
Ordnance-Industry team include the 
Super Bazooka infantry rocket, the 
Honest John artillery rocket, the Cor- 
poral missile and the Nike anti-aircraft 
missile. 


Scientific barriers of all kinds are 
being broken by the 9,000 employees 
of Redstone Arsenal, but the exciting 
and difficult technology of guided mis- 
sile development constantly presents 
new problems. Electronic computers 
click away at missile trajectory formulas 
by day, while at night rockets equipped 
with headlights streak down-range, add- 
ing valuable data to our country’s new- 
est arsenal of defense. 


REDSTONE BALLISTIC MISSILE — This long-range 
rocket-powered, bombardment weapon was developed 
by the arsenal’s guided missile team headed by 
Dr. Wernher von Braun. The Redstone is the pro- 
genitor of the Army’s IRBM, the Jupiter. : 


ical 
ment of Defense. 


FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 
Beverly Hills, Cal. ° Dayton, Ohio 


FORD ENGINEER checking voltage and frequency © 
accuracy of power supply unit under simulated load — 
conditions in a project for the Guided Missile Develop- | 


ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. ment Division of the Redstone Arsenal. 
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the dynamic 
recording system gives you more... 


@ VERSATILITY ® PERFORMANCE 
@ EASE OF OPERATION 
@® FOR RELAY RACK OR TABLE MOUNT 


eries 700 oscillographs fea- 
ture 8” pGper width with | -36 chan- 
nels, or 12” p idth with 1-60 
channels. Available for 28 v 
115 v.a.c. operation, the 7 
as paper speeds adjustab! 
030 to 144” /sec., 
speeds in excess of 
separate supply and take-up drums 
ght-weight—and light tight 
or easy daylight loading. 


The Heiland 119 Amplifier System 
offers up to 6 channels, in any com- 
bination, of either linear-integrate 
amplifiérsor carrier amplifiers. Car- 
ier amplifier Is provide lin- 
sar frequency m 0 to 
1000 CPS, for resistive, line i 
erential transformer, or v 
reluctance typ 
inear-integra channels 
provide linear frequency response 
tom 3 to 3000 CPS for self- 
generating transducers. Provides 
high-amplitude recording up to 8” 
peak to peak deflection. 


Heiland 82-6 Bridge Balance 
and Strain. Indicator Unit provides 
a simple and 
balancing, cali 
ng static and dynamic phenc 
rom resistive-type trans 
here you don't need ampiifi 


oscillograph, an 
of 25 microamperes produces 
cale on the indicating meter. 


For versatility, performance, and ease of operation, 
choose the Heiland dynamic recording system 


H on eywell For details and specifications, write for Bulletin 70 1RM 
HEILAND DIVISION OF MINNEAPOLIS HONEYWELL 
Fetland_ iNSTRUMENTS 5200 E. EVANS AVE., DENVER 22, COLO. 
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New Equipment and Processes 


Equipment 


Electrical, Electronic 


Resistor Network. Type 1299 is plug- 
in, epoxy molded, 9-pin miniature socket. 
Daven Co., 530 W. Mt. Pleasant, Livings- 
ton, N. J. 

Printed Circuit Connector. Series 
4PCSC available for 22 contacts. Elec- 
tronic Sales Div., DeJur Amsco Corp., 
45-01 Northern Blvd., Long Island City 1, 
Y. 

Power Resistor. Type PW-5 miniature 
5 w, high temp, rectangular design. Fuse 
Resistor. Type FS functions as resistor 
under normal load conditions and fuse 
under abnormal conditions. International 
Resistance Co., 401 N. Broad St., Phila- 
delphia 8, Pa. 

Counterpoise Relay. Tandem type, 24- 
pole double throw, 2 amp, 28 v de with 
total weight of 10!/. oz. Cook Electric 
Co., 2700 Southport Ave., Chicago, IIl. 

Aluminum Dry Battery. Replacement 
for zinc cell has long shelf life. Potential 
of 1.6 v or 1.7 v. Aluminum Corp. of 
America, 1501 Alcoa Bldg., Pittsburgh 19, 
Pa. 


Test 


Fatigue Tester. Multirange model has 
capacity of 120,000 lb. Ivy Co., Nor- 
walk, Conn. 

Compression and Tension. Tester has 
capacity of 60,000 lb and features stress- 
strain recorder. Baldwin-Lima-Hamilton 
Corp., Philadelphia, Pa. 


Transistor Tester. Model T-62 is 
direct reading. 50wecapacity. 5 current 
ranges from 50 to 500 ma. Scientific 


Specialties Corp., Snow & Union St., 
Boston 35, Mass. 

Electrostatic Charge Meter. Aimed like 
pistol, determines charge and _ polarity. 
Custom Scientific Instruments, Inc., 
Kearny, N. J. 

High-Speed Camera. Triad Model 500 
features 200 fps single speed. Full speed 
in '/; sec., 200 ft capacity. 28 vde or 115 
vac. Triad Corp., 4515 Sepulveda, Sher- 
man Oaks, Calif. 

Surface Thermometer. For spot checks 
to 1000 F. Pacific Transducer Corp., 
11836 W. Pico, Los Angeles 64, Calif. 

Running Torque and Dynamometer. 
Type 200 for testing motors of !/1) to 1/4 
hp. Torque capacities of 1 in.-lb to 5 
in.-lb with accuracy of '/2.%. John 
Chatillon & Sons, 85 Cliff St., New York 
38, N. Y. 

Instrument Console. For environmen- 
tal test equipment. Tenney Engineering, 
1090 Springfield Rd., Union, N. J 

Creep Tester. 20,000-Ib capacity with 
furnace for tests to 1800 F. Baldwin- 
Lima-Hamilton Corp., Philadelphia 42, 
Pa. 

Wavelength Tester. Mercury 198 
source in portable unit. 12.2 em wave- 
length in 2400-2500 megacycle band. 
Output of 125 w. Accuracies of 1 part 
in one million. Baird Associates, Inc., 
33 University Rd., Cambridge 38, Mass. 

Portable X-Ray. 200 kv inspects 3 ft 
per min exposure. Detects defects or cor- 
rosion, Andreasen, Inc., 703 
Market St., San Franciseo, Calif. 


Ultraviolet Microscope. Model UV-91 


for structure determination and indication 
Resolutions of 


of absorption spectrum. 
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0.1-0.2 micron in full color. 


& Union St., 
Nondestructive Leak Detector. For 


Boston Elec- 
Norden-Ketay Corp., Snow 
Boston 35, Mass. 


tronics Div., 


hermetically sealed parts and containers. 
Reed-Curtis Nuclear Industries, Inc., 655 
W. Washington Blvd., Los Angeles 15, 
Calif. 

Radiation Measurement. Model HC 
amplifier and detector for infrared, visible, 
and ultraviolet spectrum. Baird Asso- 
ciates, 33 University Rd., Cambridge 35. 
Mass. 

Electron Diffractograph. For direct ob- 
servation or photo recording. 20-50 kv 
beam. Specimen sizes of 1 in. and sample 
tests of up to 1000 C are possible. Norden- 
Ketay Corp., 555 Broadway, New York 12, 
N.Y. 

Oscillograph Camera. For 3-in. CRT. 
Type 339 offers full binocular vision, is 
self-supporting and produces prints one 
minute after exposure. Shutter speed of 
time, bulb, '/100, 1/50, and 1/25 sec. Allen 
B. DuMont Laboratories, Inc., 750 Bloom- 
field Ave., Clifton, N. J. 


Mechanical 


Flow Transmitter. Mercuryless, pneu- 
matic balance. Transmits readings up 
to 1000 ft away. Range of 0-20 or 0-200 
in. of water at 0.1% full scale sensitivity. 
Pressure ratings of 750-1500 psi. Me- 
chanical Flowmeter. For differential pres- 
sures of 53, 119.25 or 212 in. of water. 
Pneumatic Pressure Controller. Ranges 
of 0-200 psig, accuracy of +1%. Tel-O- 
Set Recorder. Indicator and controller 
for temperature, pressure, flow, and liquid 
level. Minneapolis-Honeywell Regulator 
Co., Wayne & Windrim St., Philadelphia 
42, Pa. 

Selector Valves. Solenoid-operated 3- 
way for '/,-'/s in. tube sizes, 3-6 gpm 
flow rates. Solenoid-Operated 3-Way 
Valve. Series 6000 has operating pressure 
of 3000 psi, 18-30 v de, —65 to +160 F. 
Aircraft Products Co., 300 Church Rd., 
Bridgeport, Pa. 

Two-Way Valve. Straight-through, 
leakproof, for acids, ete. Stockdale En- 
gineering Co., Haddonfield, N. J. 

Straddle Carrier. 30,000-lb capacity, 
131 hp gives speed of 38 mph. Clark 
Equipment Co., Ross Carrier Div., Ben- 
ton Harbor, Mich. 

Pressure Gage. l-in. size for missile 
use. Ranges to 5000 psi, accuracy of 
+2.5%, weight is 0.15 lb. United States 
Gage Co., 
Pa. 


Processes 


Working with Titanium. At a recent 
Solar Aircraft symposium on titanium it 
was emphasized that some alloys have 
been in mill production for less than one 
year. Some difficulties are: bend strength; 
formability of sheet material is not yet 
uniform. Suppliers are working on roll- 
ing techniques so that variance will be 
less than 5-8% of true flatness. Analy- 
tical standards for titanium and its alloys 
are yet to be established. Special shapes 
and types are not yet rapidly obtained. 
Suppliers are still on the “learning curve.”’ 
Prices of finished materials range upward 
from $20 per lb. In engine design, however, 
it was pointed out that 1 lb saved in a jet 
engine allows a savings of 10-15 lb in 
structure. 


000 Clymer Ave., Sellersville, — 


Ceramics for Rockets. Silicon-nitride 
bonded silicon carbide as developed by 
the Refractories Division of Carborundum 
Co., Perth Amboy, N. J., is finding uses in 
rockets beyond nozzles (photo). Dimen- 
sion tolerances of +0.005 in. per in. of 
dimension can now be maintained. Spe- 
cial shapes (even including internal and 
external threads) are possible and oxida- 
tion resistance is very high. Possible ap- 
plications include pump parts, acid spray 
nozzles, liners, ete. 


d 


Small collapsible tubes 


Speedy Sealing. 
are being used effectively to apply sealing 
compounds in aircraft and missile manu- 


facture. This technique makes applica- 
tion less messy, saves material, and elimi- 
nates atmospheric contact. 

Snark Accuracy. Tolerances on some 
machining operations on the Snark missile 
(Northrop Aircraft Co., Hawthorne, Calif.) 
have had to be held to as low as 30 sec 
of arc; in some cases, 1 sec of are. Usual 
one degree of tolerance on conventional 
aircraft could not be used. Reason is to 
insure a minimum amount of error in 
guidance and critical components. For 
example, at a range of 5000 miles, toler- 
ances as set above would allow the missile 
to come within 120 ft of its intended tar- 
get. Optical precision is called for 
(photo). Granite foundations are needed 
for machining precision gears Tolerances 
are 0.1 sec of are. Milling produces 
parallelism of 0.0002 in. in a 10-in. span. 


Ada 
Product Literature | 

Asbestos Safety Clothing. 11-page 
booklet. describes line of asbestos suits, | 
helmets, gloves, aprons, leggings, spats, | 
shoes, blankets and curtains. Johns- 
Manville, 22 E. 40th St., New York 16, 
N.Y 


New Shop Techniques. Techniques 
and devices developed at USAF Cambridge 
Research Center are described in ‘New 
Shop Techniques and Developments,” — 
PB 111668. Office of Technical Services, » 
Dept. of Commerce, Washington, D. C. — 
$0.75. 

Noise. Human behavior under high — 
intensity noise is described in ‘“‘The Effects 
of Noise on Human Behavior,’ PB 
111402. Office of Technical Services, 
a of Commerce, Washington, D. C. 
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Book Reviews 


Conduction Heat Transfer, by P. J. 
Schneider, Addison-Wesley Publication 
- Co., Ine., Cambridge, 1955, 395 pp. 
$12.50. 
Reviewed by RoBert BRoMBERG 
The Ramo-Wooldridge Corporation and 
University of California 


This book contains a surprisingly com- 
plete review of the techniques of solution 
of conduction heat-transfer problems. It 
is concerned with solutions of the heat 
conduction equation when applied to 
various geometries and including both 
steady-state and transient problems and 
distributed heat sources. The chief valve 
of the book lies not in the fact that there 
equations are solved, but that the difficult 
details of solution—when geometry is 
complex and boundary conditions not 
sinple—are presented in an understand- 
able manner. 

Most of the important mathematical 
procedures are restated so that the reader 
finds a minimum of background neces- 
sary. The standard methods of solving 
linear partial differential equations are re- 
viewed and then applied to the problems 
of interest. Following this, the mathe- 
matics appropriate to the numerical solu- 
tion of conduction problems is presented 
so that the basis for such solutions is 
available to the reader. The order of 


Ali Bulent Cambel, Northwestern University, Associate Editor 


subject matter is as follows: Steady one- 
dimensional systems, extended surfaces 
and steady two-dimensional systems, with 
appropriate mathematics interspersed; 
steady state problems using numerical 
methods; steady heat source systems and 
porous systems; transient systems in- 
cluding numerical methods; experimental 
analogic methods. In all cases an ample 
number of examples are worked out in de- 
tail. 

The author states: ‘The reader who is 
already conversant with heat-conduction 
literature will appreciate that this present 
text has little claim to originality.’ 
However, in this reviewer’s opinion the 
author has done an excellent job of bring- 
ing together, in readable form, the mate- 
rial relating to conduction. About the 
only omission worth noting is a lack of 
emphasis on variable property problems. 
Situations in which both thermal conduc- 
tivity and heat capacity vary appreciably 
with temperature (and including phase 
changes) are of considerable importance 
in many industrial applications; such 
problems could be profitably included in 
the sections on numerical methods (tran- 
sient in particular) and on analogs. 

It is noted in the Preface that the book is 
intended as a text for graduate-level 
courses and as a supplementary text for 
undergraduate courses. It will prove a 


MARSHALL, MICHIGAN 


USE VACUUM INSULATED 
STORAGE AND TRANSPORT CONTAINERS 
FOR LIQUEFIED OXYGEN OR NITROGEN 


| produced by 
RYOGENIC DIVISION 
RONAN KUNZL, INC. 


1620 WILSHIRE BLVD., SANTA MONICA, CALIF. 
ILLUSTRATED LITERATURE IS AVAILABLE. WE INVITE YOUR INQUIRY. 


IN 50 TO 
4000 GALLON 
CAPACITIES 


STATIONARY UNITS 
e 


ROADABLE TRAILERS 


SEMI-TRAILERS 


MODEL LOX 500-1 SHOWN 
500 GALLON CAPACITY 
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useful addition to the library of the heat- 
transfer specialist concerned with con- 
duction problems. 


Preview of Second AGARD Combustion 
Book 
by Aut BuLENT CAMBEL 


Although it is customary to review 
published books in these columns we shall 
deviate once in a while to give our readers 
prepublication reviews. We shall set this 
precedent by perusing the papers which 
were presented at the Second AGARD 
Combustion Colloquium held in Liege, 
Belgium, December 5-9, 1955. 

The papers which will eventually be 
brovght together as an AGARDograph 
and their respective authors are: ‘‘Scil- 
ing of Liquid Fuel Rocket Combustion 
Chambers,”’ by Chandler C. Ross; “Fuels 
tor Turbojet Powered Aircraft,’ by R. R. 
Hibbard and H. C. Barnett; ‘Funda- 
mental Principles of Flammability and 
Ignition,’’ by B. Lewis and G. von Elbe; 
“Problems of Combustion Under Altitude 
Condition (Treated From Fundamental 
Viewpoint by H. G. Wolfhard; ‘Quel- 
ques Considerations Sur La Convection 
De La Chaleur Aux Grandes Vitesses ct 
Aux Temperatures Elevess,”’ by E. A. 
Brun; “Thermal Ignition, With Parti- 
cular Reference to High Temperatures,” 
by R. 8S. Brokaw; ‘Recherche Du Bruleur 
Optimum en Ecoulement Air-Kerosene a 
Grande Vitesse,’ by B. Salmon and H. 
Vigne; “Inflammation et Allumage Dans 
Les Moteurs-Fusees a Propergols Liqu- 
ides,” by M. Barrére and A. Moutet; 
“Les Performances Des Moteurs D’Av- 
ions,” by A. Capetti; ‘Combustion en 
Altitude Dans Les Turboreacteurs,’’ by 
J. Soissons; “Scaling of Gas Turbine Com- 
bustion Systems,” by D. G. Stewart; 
“Sources of Transport Coefficients and 
Correlations of Thermodynamic and Trans- 
port Data,’”’ by J. Hilsenrath; ‘“Combus- 
tion in the Turbojet Engine,” by 8. Way; 
“The Influence of Altitude Operating 
Conditions on Combustion Chamber De- 
sign,’’ by S. L. Bragg and J. B. Holliday; 
“Similarities in Combustion, a Review,”’ 
by A. E. Weller; ‘The Ignition of Flow- 
ing Gases,” by L. D. Wigg; ‘“‘Fundamen- 
tal Equations in Aerothermochemistry,”’ 
by Theodore von Karman. 

It is significant that at least three papers 
were presented on the rather controversial 
and complex subject of scaling and 
similarity. In a review paper, Weller dis- 
cusses the status of the field. Once again 
it is brought out that the problems of 
scaling which for individual components 
are occasionally tractable become ambig- 
uous when complete systems with multi- 
fareous effects are considered. Stewart 
ably examines scaling in gas turbine com- 
bustion systems and shows by limited ex- 
perimental data (for gutter and cone 
stabilizers, for example) that correlation 
between a full-size unit and a one-third 
size model operated at three times the 
pressure but the same velocity is quite 
good. The derivation of significant di- 
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PRE-PACKAGED 


POWER 


explosive- 
actuated 
devices 


I CABLE CHOPPER 


Severs cable up to 1% inches 
diameter, initiated over a simple 
electrical circuit requiring a mini- 
mum of 5000 ergs. One of several 
types used in missiles and aircraft 
for separating structural and elec- 
trical cables, oil lines, etc. 


| DISCONNECT 


Combined into the body of an AN 
standard electrical plug and recep- 
tacle, this unit gives instantaneous 
opening of as many as 100 circuits 
on a non-shorting basis. Controlled 
~~ delay can be included. 


Used in nearly all major missiles, ll 
Beckman & Whitley Explosive- 
Actuated Devices include standard 
items for many applications. A well- 
rounded organization of personnel 
and facilities provides for rapid 
modifications and adaptations toy 
cover the needs of your special 
applications. 

Completely integrated, pre-loaded 
packages are supplied ready for 
immediate use. Besides the Cable 
Chopper and Explosive Disconnect 
shown, the Beckman G Whitley ff 
line includes Explosive Bolts and 
Safety and Security Destructors. 
Your special inquiries are invited 
for actuation problems involving 
large punch in a small package. 


Beckman ¢ Watley 


INC. 


SAN CARLOS 12, CALIFORNIAmE 
1956 


_ ing is part of a fuel pump for a guided 
missile. The 5/16” walls must pass a 
1500 psi pressure test—no impregna- 
tion permitted. Interior walls are 
smooth and true as-cast. 

If you have a problem aluminum 
casting write us for our most recent 
: album of problem castings that are 
problems no more. 

*We have available a technical book- 

let on the Antioch Process. 


antioch process casting 
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TO THE FINE ENGINEERING ‘MIND 
_ SEEKING THE CHALLENGING PROJECTS IN 


ROCKET PROPULSION ENGINEERING 


ROCKET PROPULSION ENGINEERS are offered unusual career opportunities now 
at Convair in beautiful, San Diego, California, including: Design Engineers for 
design and analysis of advanced high performance rocket engine systems and 
components including propellant systems, lubrication systems, control systems, 
mounting structure, and auxiliary power plants; Development Engineers for 
liaison with Engineering Test Laboratories and Test Stations in the planning,. 
analysis, and coordination of rocket engine system and component tests; Devel- 
opment Engineers for coordination with Rocket Engine Manufacturers in the 
installation design, performance analysis, and development tests in conjunction 
with Convair missile programs. Professional engineering experience in rocket 
missiles and aircraft propulsion system development will qualify you for an 
exceptional opportunity. 

CONVAIR offers you an imaginative, explorative, energetic engineering depart- 
ment... truly the “engineer's” engineering department to challenge your mind, 
your skills, your abilities in solving the complex problems of vital, new, long- 
range programs. You will find salaries, facilities, engineering policies, educa- 
tional opportunities and personal advantages excellent. 


Generous travel allowances to engineers who are accepted. Write at once 
enclosing full resume to: 


H. T. Brooks, Engineering Personnel, Dept. 1419 


ONVAIR 


A Division of General Dynamics Corporation 
3302 PACIFIC HIGHWAY SAN DIEGO, CALIFORNIA 


SMOG-FREE SAN DIEGO, lovely, sunny city on the coast of Southern California, 
offers you and your family a wonderful, new way of life ...a way of life judged 
by most as the Nation’s finest for climate, natural beauty and easy (indoor- 


mensionless parameters as well as the cor- 
relation of other experimental data in this 
chapter make it most significant and help- 
ful to the development engineer. Ross in 
dealing with scaling in liquid fuel rocket 
motors suggests that the main reason for 
the very limited understanding of simi- 
larity is due to instability phenomena. 
In a comprehensive discussion Crocco 
analyzes existing scaling rules and makes 
some very significant remarks. These 
last two contributions are indeed most 
helpful to the person dealing with in- 
stability as well as with scaling in rocket 
motors. Lewis and von Elbe discuss the 
principles of flammability and ignition 
from a phenomenological viewpoint and 
expressly avoid the use of mathematics in 
an attempt to better understand the 
phenomena. They review some interest- 
ing observations and reiterate their belicf 
in the excess enthalpy concept. They 
substantiate their thinking with experi- 
mental data but their suggestions require 
further interpretation in the light of 
strong conflicts with other observations. 
In a very elegant analysis, von Kérmdn 
develops the fundamental equations of 
aerothermochemistry. He discusses the 
meaning of the parameters related to 
chemical reactions and once again mani- 
fests his fine insight into scientific prob- 
lems. This chapter serves as an excellent 
guide in relating empirical observations 
to analytical studies. Thus it is most 
significant because only when analysis and 
empirics are properly interrelated will 
aerothermochemistry be adequately un- 
derstood. 

In a contribution on high velocity 
combustion Salmon and Vigne use the 
sigma function as a criterion of stabiliza- 
tion. In two papers Brokaw and Wigg 
discuss ignition phenomena. Brokaw com- 
pares extensive data of ignition delay. 
Wigg considers the ignition of flowing 
gases. These two authors ably review the 
subject and their efforts together with 
that of others should do much in a more 
rational understanding of ignition phe- 
nomena, something badly needed. 

Wolfhard reviews combustion pheno- 
mena at high altitudes and discusses the 
important influence of pressure on combus- 
tion. His paper includes empirical obser- 
vations concerning both premixed and 
diffusion flames. Another basic problem 
pertinent to jet propulsion is aerodynamic 
heating and some of the existing equations 
are reviewed by Brun for so-called high 
speeds and elevated temperatures. 

A more detailed knowledge of transport 
data and thermodynamic parameters is 
absolutely necessary in studying combus- 
tion. Hilsenrath reviews the work ac- 
complished by himself, his associates, 
and others. In a series of chapters, 
Way, Barrtre and Moutet, Soissons, 
Capetti, Hibbard and Barnett, Bragg, 
and Holliday discuss combustion phenom- 
ena under various circumstances in en- 
gines. The information and interpreta- 
tions in these chapters should serve as an 
invaluable guide to the engine designer. 

It is gratifying that the authors discuss 
their topics in the broad sense. This ap- 
proach makes the contributions invaluable 
to both the experienced worker in the 


field and to the newly initiated one. 
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ENGINEER 


FOR CRUCIAL AREA OF TEST 
RESULT EVALUATION IN 
ADVANCED AIRCRAFT 
PROPULSION 


Now the Aircraft Gas Turbine 
Division of General Electric offers 
the young engineer a first-hand 
opportunity to be the liaison be- 
tween test and factory, plan test 


programs, supervise engine as- 
sembly, specify instrumentation, 
describing each project he under- 
takes in an official report. 


This is a career position. No 
board work. As you progress 
you'll obtain the professional 
Stature that goes with increased 
responsibility. Comprehensive 
benefit program. 


Please send resume to: 


Mr. Mark Peters 


Technical Recruiting Building 100 
Aircraft Gas Turbine Division 


GENERAL ELECTRIC 


Cincinnati 15, Ohio 


Lop 
J You” mind 


Burdened down with 
a problem in design diminution, 
weight reduction, power capsulation? 
lighten the load on your mind; send for 
the amazing story of how MPB’s 


such as these BALL BEARINGS ACTUAL SIZE 


make designing a breeze. 


X MINIATURE PRECISION BEARINGS, INC, 
20 Precision Park, Keene, N. H. 


Please send MPB’s new Catalog to 


NEW FROM ASCopP 


Low Level PW Multicoders 
_ Open a Whole New Field 
of Mobile Instrumentation! 


y= 


Announcing a NEW Line of 
-SUPERSENSITIVE PW AIRBORNE EQUIPMENT 


For Remote Measurement, Recording, Transmission 


The new ASCOP D Series PW Multicoders provide, for | 
the first time, supersensitive, low-level remote measure- | 
ment of data from airborne vehicles. The extremely high 
input sensitivity, fast sampling rate, and wide selection of 
data channels (up to 88) of these new Multicoders . . . to- 
gether with their critical accuracy, ultra-high altitude 
pressurization, and rugged design . . . suit them ideally to 
today’s most important testing and prototype applications 
involving recovery and repeat use. 


Provides A Complete Data System 


The new ASCOP Multicoder, combined with ASCOP M 
Series Ground Station Equipment and suitable trans- 
mission or recording equipment, constitutes a complete 
data handling system that is easy to operate, flexible in 
application and provides simplified real time reduction. 
ASCOP also produces a complete line of PW Data Sys- 
tems and equipment, Telemetering sets and High and Low 7 
Speed Rotary Sampling Switches. Contact ASCOP re- 
garding your present program today. 


FEATURES 


@ Operation from Standard Trans- 
ducers and Pickups. 

@ Operation from Low-level Trans- 
ducers. 

@ Recording and transmission of up 
to 88 data channels. 

@ Ease of data reduction. 

@ Pressurized for very high altitudes 


SPECIFICATIONS 


@ Input Sensitivity: 0-15 mv 

@ Input Circuit: Differential balanced to 
ground 

@ Data Channels: 43 or 88 

@ Sampling Rate: 20 or 10 samples per 
second per channel 

@ Output: Standard pulse width 

@ Power Requirements: 115V, 400 cycles 


APPLIED SCIENCE CORP. OF PRINCETON 


P. O. Box 44, Princeton, N. J. ¢ Plainsboro 3-4141 


1641 S. LaCienega Bivd., Los Angeles, Calif. 


phe, Crestview 1-8870 


THE LEVE® YOU MOVE THE WORLD 


r- 
| 
in 
ot, 
4 
i- 4 
4 
‘oO 3 
st 
l- 
n 
> 
t 
NG 
: 
| 
| 
| 
: 
7 
‘ 
| 
AScoP 
We PROVIDE 
Ju 


HYDRAULIC 
RESEARCH 
ENGINEERS 


To Develop TEST FACILITIES for Jet Engine Fuel 
Control Systems and Components. 


Working with: Test Stands 

High Energy 

Fuels at Environmental 


Temperatures 

High Pressures hoe: : Remote 
Instrumentation 


Servo Operated Afterburner Fuel Controls, Inlet Temperature and Turbine 
Speed Sensing Electro-Hydraulic Servo Controls. 


Applicant should have B.S. Degree Plus 4-6 Years Experience Relative 
to Hydraulic Engineering, Valve Design, Hydraulic Servos, Instru- 
mentation and Testing of Fluid Control Devices, or Other Associated 
Fields.— Write to Mr. J. Heffinger, Supervisor of Salaried Personnel 
Cartridge 


AC THE ELECTRONICS DIVISION ELECTRIC 


GENERAL MOTORS CORPORATION i 


MILWAUKEE 2, WISCONSIN also FLINT 2, MICHIGAN a CARTRIDGES 


GAS-GENERATING 
CANISTERS 


for PRECISE Flow Measurement 
in TOUGH APPLICATIONS... 


An organization specializing in the 
design, development, and manufac- 
ture of explosive ordnance, McCor- 
mick Selph places first emphasis on 
dependability. The entire group is 
located in a 60,000-sq-ft plant on a 
200-acre site having perhaps the 
most complete facilities of its kind ] 


in existence. 


TURBINE FLOW METERS 


Your procurement and reliability 1 
problems in specialized explosives* 


offer these exclusive features to satisfy 1 
-_- your exacting flow measurement requirements: con probably be solved at McCor- 
mick Selph — either with standard 
® Measure trickles (.065 GPM) or torrents items, tried and proved, or with units , 
1 1 

(6000 GPM) to 12% of flow rate. , produced to meet your specific need. l 
¢ Pressure drop is low (2.5 to 4.5 psi) at Send for data 
full rated flow in standard models — even or submit your Ignition 
lower in others. problems to: Actuation I 
® Simple rugged design permits main- : Ejection , 
under extremes Fracturing j 
of temperature, vibration and pressure. Booth No. 1719 —11th Annual : 
® Light-weight turbine rotor instantly Instrument-Automation Exhibit 
reacts to changes in flow rate, permitting Coliseum, New York “ 
accurate transient measurements. September 17-21, 1956 


McCORMICK SELPH 
ASSOCIATES 
HOLLISTER 2, CALIFORNIA 


A»wide variety of flow rate indicators and 
recorders)and flow totalizers are available. 


ENGINEERING COMPANY 
FLUID FLOW MEASURING EQUIPMENT 
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They can...if you start your 
Douglas career now! 


Douglas has many things to offer the career- 
minded engineer! 

...there’s the stimulating daily contacts with 
men who have designed and built some of the 
world’s finest aircraft and missiles! 

...there’s enough scope to the Douglas opera- 
tion so a man can select the kind of work he 
likes best! 

...there’s security in the company’s $2 Billion 
backlog of military and commercial contracts! 
...and there’s every prospect that in 10 years 
you'll be where you want to be professionally, 
and you'll be in both the income level and geo- 
graphical location to enjoy life to its full. 


hed 


[JuLy 1956 


tem 


A Douglas engineer lives here 


and location 


in a home 
like this... 
spend your 
leisure time 
like this? 


For further information about opportunities with 
Douglas in Santa Monica, El Segundo and Long 
Beach, California and Tulsa, Oklahoma, write 
today to: 


DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. LaVene, 3000 Ocean Park Blvd. 
Santa Monica, California 
ry 


First in Aviation 


Will your income 


allow you to live 
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Craig-built carrier for “Falcon” missile—88" x 21" x21” 


IN SUPER-SAFE CARRIERS built by Craig 


Thousands of America’s aerial watchdogs — supersonic missiles like Falcon, 
Terrier, Petrel, Sidewinder, and Sparrow — are transported safely to their destina- 
tion in CRAIG-designed and built missile carriers. Full protection for these deadly, 
delicate mechanisms calls for carriers of super-safe construction ... and that’s the 
only way CRAIG builds them. 

CRAIG carriers of tempered aluminum incorporate special shock and vibration 
isolators. Case seams are welded for extra strength. Separately welded edge and 
corner guards absorb shock. Precision type, self-aligning compression catches insure 
a watertight seal — even after drop, impact, shock, bounce and road tests — and 
provide quick, easy access to equipment. 

Safety features like these are part of every container CRAIG makes. For informa- 


tion on super-safe carriers for 
SYSTEMS, INC. 


missiles, components, or for any 
electronic equipment that must 
Dept. K-7, Danvers, Mass.—Danvers 1870 


travel first class, write: 


TERRIER 


8617 Georgia Avenue, Silver Spring, Md. 


ENGINEERS: 


Aerodynamics & Propulsion 


If you can 
do original 
work 


...you should consider The 
Johns Hopkins University Ap- 
plied Physics Laboratory (APL), 
where creative ideas are recog- 
nized and supported. 


The Laboratory is primarily 
concerned with research and de- 
velopment of guided missile sys- 
tems. A sizeable program of 
fundamental research is con- 
currently in progress. 


APL is responsible for technical 
direction of the Navy’s Bumble- 
bee guided missile program. 
Developments at APL include 
the first supersonic ramjet, and 
the missiles TERRIER, TALOS 
and TARTAR. 


A distinguishing feature of the 
Laboratory is the self-depend- 
ence of the professional staff 
members, who work in an 
atmosphere of free inquiry and 
are unhampered by the usual 
administrative details. Prob- 
lems are attacked by teams, each 
of which maintains a fine balance 
between research and engineer- 
ing. The team approach allows 
each member to acquire broad 
knowledge and to find his crea- 
tivity heightened. 

The locations of the 
tories in the Washington D.C.- 
Baltimore periphery place staff 
members hear fine housing in_all 


Labora- 


price ranges, close to recreational 
and cultural facilities. Moving 
expenses paid in full. Liberal 
educational benefits for_study 
at a number of excellent uni- 
versities nearby. 


OPENINGS EXIST IN: 


DEVELOPMENT: stability 
and control analysis; ramjet 
engine design 

RESEARCH: __ interference and 


heat transfer phenomena; hyper- 
sonics, turbulence, shock wave 
phenomena 


For additional information - 


write: 
Professional Staff Appointments 


The Johns Hopkins University 
Applied P hysics Laboratory 


JET PROPULSION 
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Ad. 


ON 


AERODYNAMICISTS 


Honeywell’s Aeronautical Division, 
the largest manufacturer of auto- 
matic pilots and associated flight 
control equipment, is continuing its 
program of expansion and diversi- 
fication. 


@ Our aerodynamic analysis group 
currently has openings for qualified 
aeronautical engineers with back- 
ground and interest in aerodynamic 
analysis of closed loop systems and 
their relation to boundary layer con- 
trol, flutter, buffeting and inlet 
geometry control. 


@ These positions provide a variety 
of unusually interesting opportuni- 
ties as our equipment is already 
scheduled for a number of super- 
sonic aircraft and missiles, offering 
exceptional diversification in the 
aerodynamic field. 


CONSIDER 
THESE 
ADVANTAGES 


@ Minneapolis, the city of lakes and 
parks, offers you metropolitan living 
in a suburban atmosphere. No 
commuting. 


@ Your travel and family moving 
expenses paid. 


@ Salaries, insurance-pension pro- 
grams, plant and technical facilities 
are all first-rate. 


WRITE TO US 


If you are interested in a permanent 
position with a sound, diversified 
growth company, call collect or send 
your resume to Bruce Wood, Dept. 
JP-7-100, 2600 Ridgway Road, 
Minneapolis 13. 


Honeywell 
in 
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THE A. W. HAYDON CO. SPECIAL TIME DELAY RELAY 
} never gives in to severe vibration, shock or sustained acceleration. 
Positive detent arrangement maintains time setting under all 
oe conditions. Large adjusting knob facilitates changing of time 
setting. Stepless clutch drive minimizes clutch error. 


SPECIFICATIONS 


1* Voltage Range: 24-29 Volts DC at 68°F. 
2. Accuracy over Calibrated Range of adjustment: x 
(a) +0.1 second or +1% of setting, under condition 1. 
(b) +0.15 second or +2% of setting, over wide ‘ 
temperature range. 
3. Meet Military Specs. for temperature, altitude, sand and dust, 
fungus, salt spray, radio filtering. 


4, Vibration: 5-55CPS with total excursion 0.060". 


ent ratings at 29 Volts and room temperature: 


Motor— 2. Clutch— 3. Contacts— 
25 Milliomps 200 Milliamps 1.0 Amp inductive 


Time delay period can be adjusted in 2/10 second increments 
ever range of 0.2—30 seconds. 


phefoined where, performance is 
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OPPORTUNITIES”. 


One of a series depicting missiles ‘‘Yesterday, Today and Tomorrow”’ 


of men, missions and missiles... 


The ancients’ bow and arrow, today’s guided missile, and tomorrow's space ship 
have one thing in common. They are all guided missiles. The problems of aero- 
dynamics, guidance and propulsion remain basic. Early man solved his problem 
with raw materials and native ingenuity. Now the problems are much more 
complex, requiring the best our civilization can produce. Today, such problems 
are best solved by highly organized and creative engineering teams. These teams 
are even now supplying the building blocks for tomorrow's achievements. 

At Bell there are no limits to engineering advances. Our engineering teams 
are engaged in advanced missile projects in the supersonic and hypersonic range. 
These projects offer unlimited opportunity for individual ability in professional 
and financial advancement for those possessing a B.S. or advanced degree in: 


CORPORATION 


e AERONAUTICAL ENGINEERING 
ELECTRONIC ENGINEERING 

e MECHANICAL ENGINEERING — 
MATH OR PHYSICS 


Arrange to see our representative on campus, or 
write for your copy of our brochure “ENGINEERING 


Manager, Engineering Personnel; Dept. 4B 


POST OFFICE BOX 1 


ENGINEER 
AE ME 


AIRCRAFT STRUCTURAL DESIGN 
for 
NUCLEAR POWER PLANTS 


It is a truism that history is 
only made by history-makers. 
No one will dispute the truth of 
this when it comes to General 
Electric’s pioneering work in 
applying nuclear energy to air- 
craft propulsion. Many spe- 
and highly qualified 
talents are engaged in this vital 
area. More are needed 


The position now — offers 
many opportunities profes- 
— achievement and unique 
ineering experience. It in- 
se ves the preliminary design of 
major aircraft structures, and 
the coordination of structural 
design with power plant design 
requirements. 4 to 6 years’ ex- 
perience in aircraft design and 
development requir 


OPENINGS IN CINCINNATI, OHIO 
and IDAHO FALLS, IDAHO 


Address replies, stating salary 
requirements, to location you 


prefer 
W. J. Kelly L. A. Munther 
P. O. Box 132 P. O. Box535 
Cincinnati, O Idaho Falls. Idado 
GENERAL ELECTRIC 


WRITE FOR YOUR 


FREE COPY 


| 

| 

| 

| 

| 

This comprehensive report outlines | 

the fascinating story of the people, | 

projects, facilities, and working | 
climate that compose the Cornell 

Aeronautical Laboratory. It tells of | 

the professional challenges met by | 

C.A.L.’s engi s and scientists, and | 
it shows why C.A.L. is one of the 

nation’s respected research centers. : 

| 

| 

| 

| 


WRITE J. J. KANE 
CORNELL AERONAUTICAL 
LABORATORY 
OF CORNELL UNIVERSITY 
BUFFALO 21, NEW YORK 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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JET PROPULSION 


ANNOUNCES 


The Second Annual Special Supplement on 
Guided Missile Equipment 


Publishing date: October 10 
Closing date: September 1 


= “Skillfully prepared advertisements, placed in engineering journals by ex- 
6 perienced advertising agencies, are the usual medium for initiating com- 


munication between the ee and the manufacturer. But, as ev ery 


never gives detail thie manufacturer’s experience and 
reliability record. We have come up with this idea: 


Let each manufacturer have enough space to tell his story in a more com- 


plete way in the form of a technical article about his products. Let it be — ‘ 
Ifo 


written as a message from one engineer to another, in the language that 


they know how to use best, namely, technical language.”’ oe 

Editor-in-Chief 


(From editorial in first annual Guided Missile Equipment Supplement, JET PROPULSION, ps.. 


Contact the nearest JET PROPULSION representative: 


The ontive will 
consist of copy and illus- 


trations, prepared by adver- NEW YORK: Emery-Harford, 155 W. 42 St., MUrray Hill 4-7232 


tisers according to JET PRO- CLEVELAND: Rod Cramer, 852 Leader Bldg., MAin 1-9357 
PULSION specifications. No 
fractional page ads, nor DETROIT: R. F. Pickrell & Assocs., 318 Stephenson Bldg., TRinity 1-0790 


plates, nor display ads, will 
be acceptable. Advertisers 
will be billed at space rates CHICAGO: Jim Summers, 400 N. Michigan Ave., SUperior 7-1641 
applicable to JET PROPUL- . 

SION, and also for cuts. LOS ANGELES: J.C. Galloway and J. W. Harbison, 6535 Wilshire Blvd., Olive 3-3223" 


NEW ENGLAND: Harold Short, Holt Rd., Andover, Mass., Andover 2212 
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Jet Propulsion Engines 


The Turbojet with Afterburner for 
Supersonic Propulsion and Its Probable 
Limits Due to the Internal and External 
Thermal Barrier, by B. Santangelo, 
L’ Aerotecnica, vol. 35, Dec. 1955, pp. 307- 
318 (in Italian). 

A Runway Silencer for Jet Engines, by 
A. Boet, Interavia, vol. 11, April 1956, p. 
291. 

Experimental Investigation of Thrust 
Augmentation of 4000 Pound Thrust Cen- 
trifugal Flow Type Turbojet Engine by 
Blast-Off, by William L. Jones and Louis 
J. Bogdan, NACA RM No. E50D17, 
July 1950, 30 pp. (Declassified from Con- 
fidential, April 13, 1956.) 

Experimental Investigation of Thrust 
Augmentation of 4000 Pound Thrust Axial 
Flow Type Turbojet Engine by Interstage 
Injection of Water Alcohol Mixtures in 
Compressor, by John H. Povolny, James 
Useller, and Louis Chelko, NACA RM 
No. E9K30, April 1950, 42 pp. (Declassi- 
fied from Confidential, April 13, 1956.) 

Drag Turbine Performance, by O. E. 
Balje, ASME Paper No. 56-AV-6, March 
1956, 21 pp. 

A Pod Mounted Gas Turbine Driven 
Auxiliary Power Unit, by R. Kress, ASME 
Prepr. No. 56-5-10, Jan. 1956, 8 pp. 

Application Factors for Small Gas Tur- 
bines, by Henry C. Hill, Machine Design, 
vol. 28, Feb. 9, 1956, pp. 133-134. 

f Power Panorama, by Joe Stein, Naval 
Aviation News, Feb. 1956, pp. 1-9. 
Pneumatic Computer Controls Engine 
_ Performance, Design News, vol. 11, Jan. 
15, 1956, pp. 24-25. 


Heat Transfer and Fluid 
Flow 


; Gas Flow Charts for Orifices and Noz- 
ales, by Edward J. Gibbons, Chem. Engng., 

— vol. 63, June 1956, p. 264. 

Noise Measurement Around Some Jet 
Aircraft, by A. C. Pietrasanta, J. Acoust. 
Soc. Amer., vol. 28, May 1956, pp. 434- 

442. 

An Easy Way to Determine Heat Trans- 
fer Coefficients, by R. E. Winston and 
Loyal Clarke, Petroleum Refiner, vol. 35, 
May 1956, pp. 227-229. 

___ Dynamics of Vapor Bubbles and Boiling 
Heat Transfer, by H. K. Forster and N. 
Zuber, A. J. Ch. E. Journal, vol. 4, Dez. 
1955, pp. 531-535. 


- Boundary Layer in a Converging Nozzle 
with a Spherical Nozzle, by Lakshmi 
SanYal, Bull. Calcutta Math. Soc., vol. 47, 
June 1955, pp. 65-71. 

___ Experimental and Analytical Investiga- 

; = of Secondary Flows in Ducts, by 

) Howard Z. Herzig and Arthur G. Hansen, 

Inst. Aero. Sciences Prepr. 593, Jan. 1956, 


23 pp. 

Effect of Transverse Body Force on 
Channel Flow With Small Heat Addition, 
by Simon Ostrach and Franklin K. 

Moore, NACA TN 3594, Feb. 1956, 31 


pp. 
® Performance of a Pulsed Spray Column, 
by C. J. Billerbeck, Jack Farquhar III, 
_ B.C. Reid, J. C. Bresee, and A. S. Hoff- 
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man, Indust. Engng. Chem., vol. 48, Feb. 
1956, pp. 183-187. 

The Performance Characteristics of a 
Small Rocket-Type Nozzle, by Franklin P. 
Durham, Colorado Univ., Engng. Expt. 
Station, Summary Rep. 6, June 1955, 31 pp. 

Alternating Flow of Fluid in Tubes, by 
C. K. Stedman, Statham Labs., Inc., 
Instrument Note 30, Jan. 1956, 7 pp. 

Investigation of Flow in the Throat Re- 
gion for a Hypersonic Nozzle, by R.E. 
Oliver and H. T. Nagamatsu, Calif. Inst. 
Tech. Guggenheim Aero. Lab. Hypersonic 
Wind Tunnel Mem. No. 24, Jan. 1955, 18 
pp. 

Correlation of Maximum Heat Flux 
Data for Boiling of Saturated Liquids, by 
Warren M. Rohsenow and Peter Griffith, 
Mass. Inst. Tech. Div. Indust. Coop. TR 
No. 6, March 1956, 6 pp. 

Unsteady Boundary Layer and Heat 
Transfer Phenomena—A Literature Sur- 
vey, by Robert S. Wick, Calif. Inst. Tech. 
Jet Propulsion Lab. Prog. Rep. No. 20-279, 
Aug. 1955, 24 pp. 

Self Shielding in Rectangular and 
Cylindrical Geometries, by Harold Schnei- 
der, Paul G. Saper, and Charles F. Kadow, 
NACA TN No. 3661, April 1956, 40 pp. 

An Investigation of the Flutter Charac- 
teristics of Compressor and Turbine 
Blade System, by Chi-Teh Wang, Frank 
Lane, and Robert J. Vaccaro, J. Aero. 
Sct., vol. 23, April 1956, pp. 335-344. 

Some Effects of Guide-Vane Turning 
and Stators on the Rotating Stall Charac- 
teristics of a High Hub-Tip Ratio Single- 
Stage Compressor, by Eleanor L. Castilow 
and Merle C. Hubbert, NACA TN No. 
3711, April 1956, 52 pp. 

Preliminary Investigations of Helm- 
holtz Resonators for Damping Pressure 
Fluctuations in 3.6 Inch Ram Jet at 
Mach Number 1.90, by Jerome L. Fox, 
NACA RM No. E51C05, May 1951, 24 

. (Declassified from Confidential, 
March 16, 1956.) 

Fuel Injection Studies with Impinging 
Jet Nozzles, Penn. State Univ., Dept. 
Engng. Res., Final Rep., Oct. 1955, 33 pp. 

Method of Calculating Core Dimensions 
of Crossflow Heat Exchanger with Pre- 
scribed Gas Flows and Inlet and Exit 
States, by E. R. G. Eckert and Anthony 
J. Diaguila, NACA TN No. 3655, April 
1956, 25 pp. 

Stereoscopic Photography of Suspended 
Particles in Aerodynamic Flow, by A. 
Girard and E. Robert, Recherche Aeron., 
No. 49, Jan.-Feb. 1956, pp. 31-39 (in 
French). 

Calculations for Mass Transfer at a 
Plane Surface Along Which Flow Occurs, 
at High Partial Pressure Gradients, by E. 
Eckert and V. Lieblein, Gi. Brit. Roy. 
Aircr. Estab. Lib. Translation No. 540, 
Sept. 1955, 19 pp. (Translated from 
Forsch. Gebiete Ingenieurwesens, vol. 16, 
1949, pp. 33-42.) 


Fuels, Propellants, or 


Materials 


Compilation of Data on Army, Navy, 
and Commercial Electric Squibs, by 
Robert E. Betts, Redstone Arsenal, Ord. 


H. Smith, Associate Editor, and M. H. Fisher, Contributor 
ke The James Forrestal Research Center, Princeton University 


Missile Labs., Rep. No. 3J14N1, Jan. 1956, 
137 pp. 

A Microscopic Examination of Ex- 
truded Double Base Propellants, by J. 
Quinlan, Franford Arsenal, Rep. No. R- 
1302, Dec. 1955, 18 pp. 

Investigation of Effects of Additives on 
Storage Properties of Fuming Nitric 
Acids, by Charles B. Feiler and Gerald 
Morrell, NACA RM No. E52J16, 1952. 
(Declassified from Confidential, March 16, 
1956.) 

Field Methods for the Determination of 
Hydrazine and Water in Furfuryl Alcohol- 
Aniline Rocket Fuel Mixtures, by Raiph 
F. Muraca, Stephen P. Vango, and Lois L. 
Taylor, Calif. Inst. Tech. Jet Propulsion 
Lab. Progr. Rep. No. 20-284, Feb. 1956, 7 
pp. 
Studies on the Synthesis of Hydrazine, 
by L. F. Audrieth and others, Univ. of 
Illinois, Final Summary Rep., Jan. 15, 
1955, 31 pp. 

Some Physical Measurements on JP-5 
Fuels, by J. J. Hydock, D. E. Drysol, and 
R. V. Shelton, North American Aviation, 
Inc., Rep. AL-2185, Aug. 26, 1955, 19 pp. 

On the Development of Titanium and 
First Applications in Aircraft Construction 
(in Italian), by R. M. Corelli, Aerotecnica, 
vol. 35, Oct. 1955, pp. 235-248. 

Liquid-Vapor Equilibria in the System 
Ammonia-Hydrazine at Elevated Tem- 
peratures, by Russell S. Drago and Harry 
H. Sisler, J. Phys. Chem., vol. 60, Feb. 
1956, pp. 245-249. 

Pumpability of Aircraft Turbine Lubri- 
cants at Low Temperatures, by E S. 
Starkman and J. H. Bridges, Lubrication 
Engng., vol. 12, Jan.-Feb. 1956, pp. 43-47. 

Method for Determining the Tensile 
Properties of Solid Rocket Propellants. 
I. Nitrocellulose Base Propellants, by 
Joint Army-Navy-Air Force Panel on 
Physical Properties of Solid Propellants, 
Solid Propellant Information Agency, SPIA, 
PP8, March 1956, 56 pp. : 

Elevated Temperature Fatigue Proper- 
ties of Two Titanium Alloys, by William 
K. Rey, NACA RM No. 56B07, April 
1956, 28 pp. 7 

Investigations into Blade Root Fixings of 
High-Temperature Steels, by W. Siegfried, 
Trans. ASME, vol. 78, Feb. 1956, pp. 
327-338. 


Combustion 


The Ignition of Combustible Gases by 
Converging Shock Waves, by James A. 
Fay and Edward R. Lekawa, Cornell Univ, 
Grad. School of Aeron. Engng. (Off. Sct. 
Res. TN-55-238), June 30, 1955, 12 pp. 

Theory of Detonations: the Funda- 
mental Equations of Hydrodynamics and 
Shock Waves, by Bruno J. Zwolinski, 
Stanford Res. Inst., Poulter Labs., Tech. 
Rep. 2, Feb. 15, 1954, 18 pp. 

Flame Propagation: the Random Walk 
of Chemical Energy, by Henry Eyring, 
J. Calvin Giddings, and Lowell G. Tens- 
meyer, Utah Univ. TN 15 (Off. Sct. Res. 
T N-55-363), July 1955, 10 pp. 

Phase Contrast Observations of Flames, 
by M. J. Saunders and A. G. Smith, J. 
Appl. Phys., vol. 27, Feb. 1956, pp. 115- 


Techniques for the Determination of 
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hemical 


40 Rector Street, New York 


ER ENERGY than HO, ail and white 
fuming HNO; and mixed acids 


NITROGEN TETROXIDE (N2O,) 
7 Oxidant for liquid rocket propellants 
Molecular Weight 92.02 
Freezing Point 
of other Latent Heat of Vaporization | 99 cal/gm @ 21°C 
Critical Temperature 158°C 
Critical Pressure 99 atm 
properties Specific Heat of Liquid 0.36 cal/gm —10 to 200°C 
Density of Liquid 1.45 at 20°C 
UnIgGa: ely Density of Gas 3.3 gm/liter 21°C, 1 atm 
, Vapor Pressure 2 atm at 35°C 
Availability - Good — in 125 Ib. steel 
sulted fo man y cylinders and 2000 
a lica tions os iain Ib. containers 
jandling Easy — can be shipped, 
piped, or stored in 
ordinary carbon steel. 
DEPT. NT 1-12-93 High chemical stability. 


Ethanolam Ethylene Oxide « Ethylene Glycols Ureae Formaidehyde« U. F. Concen- 

trate—85°« ydrous Ammoniae Ammonia Liquors Ammonium Sulfate «Sodium Nitrate 

e Methanol pgen Tetroxide « Nitrogen Solutions e Porennens & Feed Supplements 
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PERFORMANCE and 


INSTALLATION ENGINEER 


There are two positions open in the preliminary design activity of an 
aircraft power plant manufacturer located in New England. This activity 
deals with performance requirements and installation analysis of proposed 
engines. It guides Design and Development Engineers in planning char- 
acteristics and configuration of new engines and integrating them with 
advanced type aircraft. 


Requirements are a Bachelor or advanced degree in mechanical or aero- 
nautical engineering, plus 3 to 5 years’ engineering experience in airframe 
or aerodynamics, and a working knowledge of air inlet, exhaust nozzles, 
ducting, and cooling problems. 


The salary is commensurate with ability and experience, and is coupled 
with many other company benefits. These positions offer an opportunity 
to be a forerunner in power plant development and to grow professionally 
in a well-recognized engineering organization. 


For further information prior to a 
personal interview please write <M 
K, AMERICAN ROCKET SOCIETY 
500 Fifth Avenue 
New York 36, New York 


Direction of Technical direction Instrumente 


tion programs is an important 

: aspect of the Ramo-Wooldridge 

Development Pr grams : over-all systems engineering 

: responsibility for the Air Force 

for : Intercontinental and Intermediate 
: Range Ballistic Missiles. 


GUI DED MISSILE : The engineers and scientists of the 


Guided Missiles Instrumentation 
: Department are engaged in estab- 
INSTRUMENTATION : lishing and reviewing instrumenta- 
- tion requirements, directing 
research and development studies, 

and solving special problems. 


Senior The Ramo - Wooldridge Corporation 


: invites Scientists and Engineers 
: with broad instrumentation and 
Opportunities at : technical management experience 


The Ramo-Wo oldridge to consider the senior positions 
open in the Instrumentation Depart- 


Corporation > ment. 


The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET - LOS ANGELES 45, CALIFORNIA 


Composite Profiles of Flame Fronts, »y 
R. M. Fristrom, R. Prescott, and (. 
Grunfelder, Johns Hopkins Univ., Appl. 
Phys. Lab., CM-858, Dec. 1955, 30 pp. 

On Flame Propagation in Explosive 
Mixtures of Gases. I. General Theory, 
II. On the Decomposition Flame of Ozone. 
III. Flame Propagation in Mixtures of 
Methane and Nitrogen Air, Helium Air, 
and Argon Air, by Robert Sandri, Can. J. 
Chem., vol. 34, Mar. 1956, pp. 313-337 

The Effect of Atmospheric Depletion in 
Spherical Diffusion Flames, by R. J. 
Cvetanovic, Can. J. Chem., vol. 34, Jan. 
1956, pp. 54-64. 


Terrestrial Flight, Vehicle 
Design 


A Method for Calculating the Mass 
Ratios of Step Rockets, by M. Vertrext, 
J. Brit. Interplan. Soc., vol. 15, March- 
April 1956, pp. 95-97. 

Growing a Reliable Missile, by Richird 
R. Carhart, Aeron. Engng. Rev., vol. 15, 
Feb. 1956, pp. 28-33. 

Designing Safety into High Speed Jets, 
by Irwin Stambler, Aviation Age, vol. 25, 
March 1956, pp. 26, 28-31. 

Corrugated Nozzles Cut Jet Noise, by 
F. B. Greatrex, Aviation Age, vol. 25, 
March 1956, pp. 59-61, 63. 

Highly Maneuverable Tactical Missiles 
Use Annular Wings, by A. R. Weyl, Avia- 
tion Age, vol. 25, March 1956, pp. 50-52, 
54-57. 

The Relative Geometry and Motion of 
a Missile’s Flight Path and the Range 
Geodesic on a Spheroidal Earth, by L. M. 
Rauch, Consolidated Vultee Aircr. Corp. 
Rep. No. FZA-089, April 18, 1955, 65 pp. 


ENGINEER 


HIGH TEMPERATURE METALLURGY 
AND CORROSION RESEARCH 
ON NUCLEAR FLIGHT PROJECT 


This senior research position in the 
application of nuclear energy to the 
field of flight calls for both versatil- 
ity and breadth of creative think- 
ing. Every bit of the talent that 
the qualified engineer brings to this 
position will be effectively employed 
in research designed to provide im- 
proved metals and alloys for use in 
an aircraft nuclear power plant. 


The job requires a degree in physical 
metallurgy or metallurgical engi- 
neering and 8 to 10 years’ experience | 
in working with high temperature or 
corrosion resistant metals and alloys. — 
(If directly related, time spent on _ 
obtaining an advanced degree may 
be considered part of the experience.) 


Publication of research results in the — 
appropriate classified or open litera- "" 
ture is encouraged. 


OPENINGS IN CINCINNATI, OHIO 
AND IDAHO FALLS, IDAHO 
Address replies, stating salary 
requirements, to location you 

prefer 

W. J. Kelly I. A. Munther 

P. O. Box 132 P. O. Box 535 

Cincinnati, O. Idaho Falls, Idaho 
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No-draft forgings 


by Kaiser Aluminum 


Kaiser ALuminum’s Erie plant has been successful in 
meeting its customers’ ever-growing needs for no-draft 
forgings. 

Shown on this page are a few of the many no-draft 
forgings produced by Kaiser Aluminum on existing 
equipment for the aircraft industry. 

Additional equipment—especially designed for no- 
draft forgings—will soon be installed to greatly increase 
our capacity for these specialized forgings. 

Kaiser Aluminum no-draft forgings give you the ben- 
efits of substantial cost savings through the elimination 
of machining, plus extremely light weight with high 
strength, close tolerances, and superior finish. 


Juty 1956 


When you submit your aluminum forging inquiry to 
Kaiser Aluminum, our highly skilled engineering staff 
will evaluate the forging to determine its suitability as 
a no-draft forging. 

For immediate service, call any Kaiser Aluminum 
sales office listed in your local telephone directory. 
Kaiser Aluminum & Chemical Sales, Inc., General Sales 
Office, Palmolive Building, Chicago 11, Illinois; Exec- 
utive Office, Kaiser Building, Oakland 12, California. 


Kaiser Aluminum 
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High energy Propellants ? 
Metallo-organic Polymers ? 
Plastic Fabrications ? 
Metallic Chlorides? 


Stauffer is now “off the __ 
ground” in the research and 
development of new 
chemicals and materials for 
application to... 


Jet and Ram-jet Engines ' 
Guided Missiles 
Auxiliary Power Generators 
Special Components 


Our Commercial Development 
Department invites your 
inquiries concerning... 


COMPOUNDS OF ||. 
BORON 
ALUMINUM 
FLUORINE 
SILICON 


TITANIUM 


ZIRCONIUM 


_ STAUFFER CHEMICAL COMPANY 


Commercial Development Department | 


380 Madison Avenue, New York 17, N. Y. 
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PHILLIPS PETROLEUM COMPANY 


Address all inquiries to: Rocket Fuels Division, McGregor, Texas. 


sv PHILLIPS 66 


The M15 JATO ... developed and 
manufactured by Phillips Petroleum 
Company... uses a solid propellant 
made from petroleum raw materials. 


In the photo above, 30 M15 JATO rockets 
give a Boeing B-47 Stratojet medium bomber 
a take-off assist. Use of these rockets per- 
mits greater in-flight payloads as well as 
operation from smaller airfields. 


The Phillips M15 JATO operates success- 
rockets to very large boosters. Phillips oper- 


Propellant for the M15 rocket is but one in a ; is 
series developed by Phillipe from common ates extensive facilities for rocket research, 
development, test, and manufacture. 


petroleum-derived materials such as ammo- 


nium nitrate, synthetic rubber and carbon Can our staff of highly skilled rocket 
black. These propellants are insensitive to scientists help you solve your complex prob- 
detonation by impact or explosion. Exhaust lems in propulsion systems, primary rockets, 
gases are noncorrosive and relatively low in booster rockets and related activities? In- 


temperature. quiries are invited. 


Solid rocket propellants in the Phillips (Photos courtesy of Boeing Airplane Company) a a 


series are readily usable for a variety of ae ais 
* 


rocket applications from small armament 


Bartlesville, Oklahoma 
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TELEMETERING 


GLENN L. MARTIN COMPANY'S thundering B-61 \ MISSILE GUIDANCE 
“MATADOR” is of the type already available for hope \ FLIGHT TEST INSTRUMENTATION 

GROUND ELECTRONICS SYSTEMS 
\ AIRBORNE ELECTRONICS EQUIPMENT 


service with the USAF in Europe. B-61 is the first 
operational unit of its kind in the Air Force. For both ee \ 
its initial flight tests at Holloman Air Force Base, 
New Mexico, and subsequent performance tests at the = aa 
Air Force Missile Test Center in Florida, standard “5 
RREP airborne telemetry components were used. ; 
These and other Air Force Bases are instrumented 
with RREP receiving stations. 


metry. Various measurements are translated into signals _ 


transmitted by radio to the ground receiving station, - 


where they are recorded in reference to time and | TELEMETRY 


flight position. 


Technical Bulletins d ibing latest EP ] 
echnical Bulletins describing lates RREI ipment 


are available on request. 
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POWER 


~ World speed and altitude record holder for 
single stage rockets... RMI rocket powered 
Martin Viking high altitude research rocket. 


Missile boosters and sustainers 
Aircraft powerplants 

Ordnance rocket propulsion 
Special propulsion devices 


Launching and ejection devices 
Auxiliary power units 
Boundary layer control 


Another first in rocket engine design and 
performance . . . Sikorsky HRS-2 helicopter 
equipped with RMI Rotor Rocket auxiliary power. 


World speed and altitude record holder for piloted 


gircraft...RMI rocket powered Bell XI-A. 


wa 


Like the high altitude missiles its _ 
engines have powered, Reaction Motors, Inc. 


has covered a great distance in a short time. 


As America’s pioneer rocket engine producer, 


RMI gave this country its first practical liquid- 


propellant rocket powerplants and has 


engineered many barrier-breaking “firsts” in 


helping to keep our country strong. 


REACTION MOTORS. INC. 


Denville, New Jersey 


Affiliated with OLIN MATHIESON CHEMICAL CORP. 
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AIMS AND FUNCTIONS: The American Rocket So- 
ciety is a national association of engineers and scientists 
cevoted to "the development and application of the 
principles of jet propulsion in devices such as liquid and 
solid propellant rocket and air-breathing engines, and in 
cpplications such as aircraft, guided missiles, and space 
vehicles" and to "the development of the sciences and 
engineering techniques pertaining thereto" such as in- 
strumentation, guidance and control, high temperature 
materials, upper atmospheric research, aerodynamics, 
‘tructures, combustion, fuels and propellants, heat trans- 
‘er, etc. ARS has always maintained a deep interest in 
responsible scientific study of space flight and in foster- 
ing sound professional and public interest in this subject. 
The Society carries out its aims through: 


|. Section Meetings, held periodically at most of the 
centers of rocket and jet propulsion activity through- 
out the country. Sections are self-governing and pro- 
grams are both technical and social. 


2. Regional Meetings, which include technical sessions as 
well as field trips to rocket, guided missile and aircraft 
establishments, observatories, etc. These meetings are 
often held in cooperation with other technical societies. 


3. The Annual ARS Convention. Held in conjunction with 
the ASME Convention, this gathering includes tech- 
nical sessions during which original papers are pre- 
sented on all aspects of the Society's interests. Out- 
standing guest speakers are presented at luncheon 
and dinner meetings and the ARS Awards are pre- 
sented. Awards include the Robert H. Goddard Me- 
morial Award for work in liquid propellants, the C. N. 
Hickman Award for solid propellants, the James H. 
Wyld Memorial Award for outstanding application of 
rocket power, the ARS Astronautics piney for contri- 
bution to the advance toward space flight, the G. 
Edward Pendray Award for rocket and jet propulsion 
literary effort, and the ARS Student Award for the 
best student paper on rocket and jet propulsion. Fel- 
lowships are also presented at this meeting to leading 
figures in the field. 


The ARS Library, located in New York, contains histor- 
ical as well as current material relating to rocket progress. 


An affiliation exists between the American Rocket So- 
ciety and the American Society of Mechanical Engineers 
which permits ARS members to use the Engineering Li- 
brary in New York, attend ASME Sectional and National 
meetings and allows the purchase of preprints at mem- 
ber rates. 


MEMBERSHIPS: Four types of membership are open in 


MEMBER: Members shall consist of engineers and scien- 
tists who are actively engaged in the development or 
application of rocket or jet propulsion, other persons who 
have been working on the development or application of 
rocket or jet propulsion for at least four years and who 
hold or have held responsible positions in these fields, and 
such persons as may be deemed eligible for this class of 
membership by the Board of Directors by virtue of their 
outstanding accomplishments in other fields and their un- 
usual interest in the purpose of the Society. 


ASSOCIATE MEMBER: Associate members shall con- 
sist of persons, other than students, who are actively in- 
terested in the development or application of rocket or 
jet propulsion. 


STUDENT MEMBER: Student members shall consist of 
persons not less than 17 years of age whose principal 
occupation is study at a recognized educational institu- 
tion or who are serving as enlisted personnel in the Armed 
Forces of the United States, and who are interested in the 
development or application of rocket or jet propulsion. 


CORPORATE MEMBER: Corporate Members shall con- 
sist of educational, scientific or industrial organizations 
who may choose this method of expressing their interest 
in the development or application of rocket or jet pro- 
pulsion, and who are considered acceptable by the Board 
of Directors. Each Corporate Member shall be entitled 
to five representatives with the rights and privileges of 
Members. 


PUBLICATIONS: JET PROPULSION, Journal of the 
American Rocket Society, is published monthly and 
mailed to all members. Edited by distinguished scientists, 
the Journal is recognized as the most complete and au- 
thoritative source of original technical material on rock- 
etry, jet propulsion, astronautics, and allied sciences. 


It also includes feature articles on industry, government 
and university activities, news items, and ARS happenings. 
It carries a calendar of coming meetings, a digest of 
books and articles published on rocket and jet propulsion 
in this country and abroad, and reviews by authorities on 
current books. 


Information on advertising rates for the Journal can be 
obtained from the Secretary. 


BOOKS AND TECHNICAL PAPERS: The Society 
makes available to its members at special rates, tech- 
nical papers, reprints and other useful information bear- 
ing on jet propulsion, rockets and their application. It 
also has available back issues of the Journal and its 
predecessor, Astronautics. 


j 


G. Edward Pendray 
rita Zwicky 
M. J. Zucrow a 


1951—Charles E. Bartley 

Benjamin H. Coffman, Jr. 
Edwin H. Hull 
Chandler C. Ross 
H. N. Toftoy 


1952—William L. Gore 
John Sloop 
Wernher von Braun 
Weldon Worth 


Roy Marquardt 
1953—Luigi Crocco 


C. C. Furnas wets 
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1948—John Shesta 
M. Bolster 


1950—Lovell Lawrence, Jr. 

952—Richard W. Porter 
953—David A. Young 
ALM. O. Smith hes 
6 1955—E. N. Hall aes 


C. N. Hickman Award 


1948—Frank Malina 
1949—James A. Van Allen 
1950—Leslie Skinner 


1951—William Avery 


1952—M. J. Zucrow 


Robert H. Goddard Memorial Award 


HONORARY MEMBERS 


ESTHER C. GODDARD HARRY 
: 


FELLOW MEMBERS 
1949—Theodore von Karman R. E. Gibson ike 
1950—Calvin M. Bolster William M. Smith 
Louis Dunn 


1954—Lawrence D. Bell 


AWARDS AND RECIPIENTS 


19 
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F. GUGGENHEIM 


K. J. Bossert 


1953—H. S. Tsien 
1954—Martin Summerfield 
1955—Walter Dornberger 


ARS Student Award 
1948—N. Y. Rothmayer, A. Bernstein, F. D. Linzer, 


A. Sherman, City College of New York 
1949—Leon Cooper, City College of New York 


1951—L. Rosenthal and David Elliott, 
California Institute of Technology 
1952—Richard W. Foster, Purdue University 


1950—E. Knuth and C. Beighley, Purdue University Se 


he 


E. N. Hall > 
A. C. Slade ; 
Clyde Tombaugh 
Elmer Wheaton - 
L. D. White ww Ga 
1955—Ali Bulent Cambel 
B. L. Dorman 
Robert H. Jewett ine 
E. G. Uhl 
Paul F. Winternite 


1953—Alfred Goldenberg, University of California 


1954—-No award presented 
1955—Richard W. Foster, Purdue University 


L Antonio ARS Astronautics Award 
1954 Harold W. Ritchey 1954—Theodore von Karman _ 
955-—F. S. Miller 1955—Wernher von Braun 
G. Edward Pendray Award James H. Wyld Memorial Award 
P. Sutton 1954—Milton Rosen 
1955—John P. Stapp | 
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Ave., Princeton, N. J. 
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BURWELL, JAMES J., (s) Ultra Sonic Tech., Douglas Aircraft Co. 
827 Lapham, El Segundo, Calif. Home: 462 Palos Verdes Bivd., 
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U. S. Naval Ordnance Test Station, China Lake, Calif. Home: 
526-M Nimitz Rd., China Lake, Calif. 

CAMPBELL, FRANCIS W., (m) Asst. for Guided Missiles, Armament 
Div., AFMME, Hq. USAF, The Pentagon, Washington, D. C. Home: 
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CARHART, RICHARD, (m) Dept. Engr., Missile Systems Div., Lock- 
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CARIUS, GEORGE E., (m) Design-Engr., Aerojet-General Corp., 410 
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CARKEEK, RICHARD W., (m) Res. Engr., Power Plant Dept., Boeing 
Airplane Co., Seattle, Wash. Home: 10042 NE, 13th St., Belle- 
vue, Wash. 
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man. Home: Boston, N. Y. 

CARLSON, WALTER H., (s) Purdue University, W. Lafayette, Ind. 
Home: 282 Littleton St., W. Lafayette, Ind. 

CARLTON, CLARENCE H., Assoc. Chem. Engr., Southwest Research 
Institute, 8500 Culebra Rd., San Antonio, Tex. Home: 135 Windsor 
Dr., San Antonio, Tex. 

CARNESS, MARVIN MICHAEL, (m) Design-Engr., Aerojet-General 
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CARPER, RICHARD D., (s) USA, A Btry, 3rd GM, Bn, Fort Bliss, Tex. 
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Chicago, Ill. Home: 7406 Caillet, Dallas, Tex. 
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CARY, REUBEN E., (s) Syracuse University, Syracuse, N. Y. Home: 
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CASANOV, L. C., (m) Pres., Miller Products, Inc., P. O. 325, No. 
Chicago, Ill. Home: Hotel Waukegan, Waukegan, Ill. 

CASCIO, SALVATORE J., JR., (a) Credit Mgr., Rapid Finance & 
Loan #2, 2143 Harford Rd., Baltimore 18, Md. Home: 102 
Westowne Rd., Baltimore, Md. 

CASH, HARRY SYDNEY, (s) University School, Columbus, O. Home: 
3420 Polley Rd., Columbus 21, O. 

CASIRAGHI, GIOVANNI P., (m) Ch. Engr., Aircraft Div., Piaggio & 
Co., Via Antonio Cecchi 6, Genova, Italy. Home: Via Mylius 6-1, 
Genova, Italy. 

CASLER, WILLIAM A., (m) Res. Coordinator, Stanford Research In- 
stitute, Menlo Park, Calif. Home: 625 Hale St., Palo Alto, Calif. 

CASSIDY, THOMAS F., (s) Stevens Institute of Technology, Hoboken, 
N. J. Home: 11 Wynnewood Rd., Livingston, N. J. 


CASTENHOLZ, PAUL D., Assist. Group Leader, Combustion Devices, 
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ington, Ft. Wayne, Ind. Home: 1329 E. Wayne, Ft. Wayne, Ind. 
CAVENDER, WILLIAM D., JR., (m) Des. Engr., Thrust Chamber Dept., 
Liquid Rocket Plant, Aerojet-General Corp., P. O. Box 1947, Sacra- 
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CECKA, WILLIAM J., JR., (m) Chief, Engng. Test Section, Rocketdyne, 
A Division of North American Aviation, Inc., Canoga Park, Calif. 
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CHAMBERLAIN, CHESTER A., Secretary and Assistant to the Presi- 
dent, E. W. Bliss Company, 1375 Raff Rd., S.W., Canton 10, O. 


Home: 4134 Valley Dr., N.W., Canton, O. 
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CHAMBERLIN, JOSEPH “Jac” A., (a) Designer, 
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Co., 3000 Ocean Park Bivd., Santa Monica, Calif. 
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CHAMPINE, ROBERT A., (m) Aero. Res. Pilot, Flight Research Dept., 
NACA, Langley Field, Va. Home: 35 Langhorne Circle, War- 
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CHAMPION, JACK A., (m) Private, 78th Ord. Det. USA, 78th Ord. 
Det. Redstone Arsenal, Huntsville, Ala. Home: 5 Ringbit Rd., 
Rolling Hills, Calif. 

CHANDLER, EDWARD F., (m) Consulting Engr., 148 Richmond St., 
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CHANG, CHIEH CHIEN, (m) Prof, of Fluid Mechanics, Dept. of Aero- 
nautical Engineering, University of Minnesota, Minneapolis 14, 
Minn. Home: 4536 Dupont Ave., So. Minneapolis 9, Minn. 
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CHAPLINE, GEORGE F., (m) Vice Pres. & Gen. Mgr., Fairchild Engine 
Division, Fairchild Engine & Airplane Corp., Deer Park, L. I., 
N. Y. Home: 9 The Pines, Old Westbury, L. I., N. Y. 

CHAPMAN, ROBERT B. Ill, (m) Vice Pres. & Asst. Gen. Mgr., Air- 

craft Armaments Inc., Cockeysville, Md. Home: 404 Towson Ave., 
Lutherville, Md. 

-CHARNOFF, LORRAINE, (s) Teaching Fellow, Dept. of Chemistry, 
Washington Square College, New York University, Washington 
Square, New York 3, N. Y. Home: 2234 Ocean Ave., Brooklyn 
29, N. Y. 

‘CHARYK, JOSEPH V., V. P. & Director, Aerophysics & Propulsion 
Division, Systems Research Corp., 13729 Victory Blvd., Van Nuys, 
Calif. Home: 22385 MacFarlane Dr., Woodland Hills, Calif. 

CHASE, JOHN W., (m) Jr. Field Engr., Rocketdyne, A Division of 
North American Aviation, Inc., Canoga Park, Calif. Home: 8353 
Fullbright Ave., Canoga Park, Calif. 
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FREDHOLD, ALLAN B., JR., (m) Mgr., Commercial Devel., Emsco 
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FREEMAN, GEORGE L., (s) Univ. of Michigan, Ann Arbor, Mich. Home: 
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Lab., Mass. Inst. of Tech., 560 Memorial Dr., Cambridge, Mass. 
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FREEMAN, WILLIAM B., (m) Tech. Director, Temco Aircraft Corp., 
P. O. Box 6191, Dallas, Tex. Home: 10247 Rosser Rd., Dallas, Tex. 

FRENCH, EDWARD P., (m) Sr. Thermodynamics Engr., Marquardt Air- 
craft Co., 16555 Saticoy St., Van Nuys, Calif. Home: 16714 Tulsa 
St., Granada Hills, Calif. 

FRAZER, HAROLD E., (a) Capt. USAF, APO 970, c/o PM, San Fran- 
cisco, Calif. Home: 745 Oakdale St. SE, Grand Rapids, Mich. 
FRENCH, G. THOMAS, (m) Rocket Facilities Group Leader, Rocket 
Dept., Bell Aircraft Corp., P. O. Box 1, Buffalo 5, N. Y. Home: 

165 No. Ellicott St., Williamsville 21, N. Y. 

FREUDENTHAL, LOUIS E., (a) Owner, Valley Insurance Agency, 
P. O. Box 108, Las Cruces, N. M. Home: 538 W. Las Cruces Ave., 
Las Cruces, N. M. 

FREVERT, GRAHAM C., (s) U. S. Army, Redstone Arsenal, Huntsville, 
Ala. Home: Rt. #1, Holly Rood, Kan. 

FREY, DONALD N., (m) Assoc. Director, Scientific Laboratory, Engng. 
Staff, Ford Motor Company, 21500 Oakwood Blvd., Dearborn, 
Mich. Home: 586 Fairfax Rd., Birmingham, Mich. 

FRIANT, DAVID R., Engr., Watertown Division, New York Air Brake 
Company, Watertown, N. Y. Home: 105 Washington St., Water- 
town, N. Y. 

FRIDELL, ROLAND, (m) Aircraft Eng. Specialist, Aircraft Gas Turbine 
Division, General Electric Co., 777—14th St., NW, Washington, 
D. C. Home: 2625 Newton St., Silver Spring, Md. 

FRIEDMAN, RAYMOND, (m) Atlantic Research Corporation, 901 N. 
Columbus St., Alexandria, Va. Home: 2645 N. Van Dorn St., 
Alexandria, Va. 

FRIEDRICH, BENNO C., (s) Georgia Institute of Technology, Box 4839 
Ga. Tech, Atlanta, Ga. Home: 83-10 35 Ave., Jackson Heights, 

FRIEDRICH, HANS R., (m) Chief Flight Mechanics Engr., Engng. 
Dept., Convair, A Division of General Dynamics Corp., Pacific High- 
way, San Diego 12, Calif. Home: 40615 Patricia Place, San Diego 
15, Calif. 

FRISCH, JOHN A., (s) Technical Aide, Laboratories Planning, Bell 
Telephone Laboratories, Inc., 463 West St., New York 19, N. Y. 
Home: 111-44—133 St., S. Ozone Pk. 20, N. Y. 

FRITZ, ALFRED, (a) Deutsches Raketen-und Raumfahrtmuseum, 
Reinsburgstrasse 54, Stuttgart, Westdeutschland. Home: Stuttgart- 
Bad Cannstatt, Memmingerstrasse 7, Westdeutschland. 

FRITZ, WILLIAM C., (m) Electronics Tech., Holloman Air Development 
Center, Bell Aircraft Corporation, Box 391, Holloman Air Dev., 
Center, N. M. Home: 1708 Teresa Lane, Alamogordo, N. M. 

FROEHLICH, JACK E., (m) Division Chief, Guided Engineering, Jet 
Propulsion Laboratory, California Institute of Technology, 4800 
Oak Grove Dr., Pasadena 3, Calif. Home: 2555 Tanoble Dr., 
Altadena, Calif. 

FUHS, ALLEN E., (s) Graduate Res. Assist., California Institute of 
Technology, Pasadena, Calif. Home: 1124-C East Del Mar, Pasa- 
dena, Calif. 

FULLER, PAUL N., (m) Engr., Rocketdyne, A Division of North 
American Aviation, Inc., 6633 Canoga Ave., Canoga Park, Calif. 
Home: 21320 Velicata, Woodland Hills, Calif. 

FURRER, R., (m) Vice President, ACF Industries, Incorporated, 30 
Church St., New York 8, N. Y. 
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GABRON, FRANK, (m) Res. Engr., Res. Dept., United Aircraft Co., 
Silver Lane, E. Hartford, Conn. Home: 2 Stephen St., Manchester, 
Conn. 

GAERTNER, REINHOLD V., (m) Des. Engr., Autopilots, Aero. Division, 
Minneapolis-Honeywell Reg. Co., 2600 Ridgway Rd., Minneapolis 
13, Minn. Home: 1312 E. Maynard Dr., St. Paul, Minn. 

GAFFNEY, FRANK J., (m) Res. Engr., Rocketdyne, A Division of 
North American Aviation, Inc., Canoga Park, Calif. Home: 11704 
Pearwood Ave., San Fernando, Calif. 

GAHN, EDWIN H., (m) Operations Mgr., The Greenleaf Mfg. Co., 7814 
Maplewood Ind. Ct., St. Louis 17, Mo. Home: 3021 Capehart Dr., 
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GALAMBOS, JOSEPH A., (m) Res. Engr., Aerophysics Department, 
North American Aviation, Inc., Downey, Calif. Home: 2426 Cleve- 
land Ave., Montebello, Calif. 

GALANE, IRMA B., (a) Electronics Engr., Electronics Division, Navy 
Department, Bureau of Aeronautics, Washington 25, D. C. Home: 
4607 Conecticut Ave., NW, Washington 8, D. C. 

GALE, ALFRED J., (m) High Voltage Engineering Corp., 7 University 
Rd., Cambridge, Mass. Home: 9 Winston Rd., Lexington, Mass. 
GALE, JOHN L., (m) Advanced TERRIER Administrative Staff Engr., 
Convair, A Division of General Dynamics Corp., P. O. Box 1011, 

Pomona, Calif. Home: 856 W. 7th St., Pomona, Calif. 

GALITZA, JOHN P., (m) President, El Monte Rubber Corp., Inc., 1909 
N. Central Ave., Elmonte, Calif. Home: 8802 Emperor Ave., San 
Gabriel, Calif. 

GALL, JOHN F., (m) Director, Inorganic Res. Dept., Technical Divi- 
sion, Pennsylvania Salt Mfg. Co., P. O. Box 4388, Philadelphia 
18, Pa. Home: 128 Fairview Rd., Penn Valley, Narberth, Pa. 

GALLAGHER, ROBERT D., (s) Brooklyn Polytechnic Institute, 85 
Livingstone St., Brooklyn, N. Y. Home: 254 - 87th St., Brooklyn, 


GALLOWAY, GEORGE W., (m) President, G. W. Galloway Co., 25 N. 
Fourth Ave., Arcadia, Calif. 


GALLOWAY, HOWARD L., (m) Physicist, Aero. Ballistics Dept., Aero. 
Naval Ordnance Laboratory, 


Physics Div., Flow Research Br., 
White Oak, Silver Spring, Md. Home: 1323 Poplar Ave., Balti- 
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GALLOWAY, JAMES C., (m) Owner, James C. Galloway & Company, 
6535 Wilshire Blvd., Los Angeles 48, Calif. 

GANNETT, WRIGHT K., (m) Assoc. Director of Res. and Devel., The 
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325 Grandview Way, Eau Gallie, Fla. 
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Army, White Sands Proving Ground, N. M. Home: Box 112, State 
College, N. M. 
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N. Y. Home: 284 Green Ave., Freeport, N. Y. 
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GARVEY, JAMES E., (m) Physicist, Rheem Research & Development, 
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Pasadena, Calif. 

GAUBATE, WILLIAM A., (s) Purdue Univ., W. Lafayette, Ind. Home: 
5831 N. Delaware, Indianapolis 20, Ind. 

GAUL, EDWARD R., (m) Missile Guidance Consultant, Aerophysics 
Dept., Goodyear Aircraft Corp., Akron, O. Home: 479 Barwell, 
Akron 3, O. 

GAYLORD, ROBERT S., (m) Member of the Technical Staff, The 
Ramo-Wooldridge Corp., 8820 Bellanca Bivd., Los Angeles 45, 
Calif. Home: 2023-8 Stewart St., Santa Monica, Calif. 

GAYNE, WILLIAM J., (m) Design Trainee, Grumman Aircraft Engi- 
neering Corp., Bethpage, N. Y. Home: 8201 Fourth Ave., Brook- 
lyn, N. Y. 

GAZDA, ANTOINE, (m) President, Gazda Engineering, 549 Reservoir 
Ave., Cranston, R. |. Home: The Beechwood, Wakefield, R. I. 


GECKLER, RICHARD D., (m) Director of Quality Control, Aerojet- 
General Corp., Azusa, Calif. Home: 2526 S. Second Ave., Arcadia, 
Calif. 

GEICK, GEORGE H., (a) Assist. Manager, Systems Dept., Mechanical 
Division, General Mills, Inc., 2003 E. Hennepin, Minneapolis, Minn. 
Home: 1375 W. Idaho, St. Paul, Minn. 

GEIMER, ROBERT G., (m) Design Engineer, Liquid Engine Division, 
Aerojet General Corp., Box 296, Azusa, Calif. Home: 706 Mon- 
terey Ave., Monrovia, Calif. 

GEISSLER, ERNST D., (m) Ord. Res. Dev. Div., S-O (Rht.), Fort Bliss, 
Tex. Home: 1711 Alabama Ave., Huntsville, Ala. 

GELB, JOHN, (m) Owner, Gelb Engineering Co., 201 Walbridge Bidg., 
Buffalo 2, N. Y. Home: 46 Oxford Ave., Buffalo 23, N. Y. 

GELLER, R. E., (m) Bendix Aviation Corporation, Fisher Building, De- 
troit 2, Mich. Home: Statler Hotel, Detroit (temporary) 

GELO, JOSEPH W., (m) Systems Electronic Engr., Guided Missile 
Div., Firestone Tire & Rubber Co., 2525 Firestone Blivd., Los An- 
geles 54, Calif. Home: 3125 Van Buren St., El Paso, Tex. 
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Detroit 15, 


Aviation and Engineering Corp., 12700 Kercheval, 
Mich. Home: 3731 Burlingame, Detroit 6, Mich. 
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GENDLER, STANLEY L., (m) Project Engineer, Planning Research 
Corp., 941 Westwood Blvd., Los Angeles, Calif. Home: 600 Las 
Casas, Pacific Palisades, Calif. 

GENTLE, ERNEST J., (m) President and Editor in Chief, Aero. Pub- 
lishers, Inc., 2162 Sunset Bivd., Los Angeles 26, Calif. Home: 
5013 Mt. Royal Dr., Los Angeles 41, Calif. 

GENTRY, GEORGE C., (m) Mech. Engr., Research and Development 
Section, Air Force Missile Test Center, Patrick Air Force Base, 
Fla. Home: 1055 Mitchell St., Cocoa, Fla. 

GEORGE, DINO, Associate Engr. Stress, Dept. 72-25, Lockheed Air- 
craft Corp., Burbank, Calif. Home: 1419-C West, Alameda, Calif. 
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Division, General Electric Co., Box 1177, Anchorage, Alaska. 
Home: LaHonda Court, Spenard, Alaska 

GEORGIUS, HENRY K., (m) Sr. Res. Engr., Rocketdyne, A Div. of 
North American Aviation, Inc., 6633 Canoga Ave., Canoga Park, 
Calif. Home: 21838 Saticoy St., Canoga Park, Calif. 

GERDAN, DIMITRIUS, (m) Director of Engineering, Allison Div., Gen- 
eral Motors, Corp., P. O. Box 894, Indianapolis 6, Ind. Home: 
4634 N. Pennsylvania St., Indianapolis, Ind. 

GERDES, RONALD MAMPRE, (s) University of California, Berkeley 4, 
Calif. Home: 2340 132nd Ave., San Leandro, Calif. 

GERHARDSTEIN, KENNETH R., (s) Indiana Technical College, 215- 
225 Washington Bivd., Ft. Wayne, Ind. Home: 604 W. Washing- 
ton, Ft. Wayne, Ind. 

GERKIN, DONALD E., (m) Engr.. Missile Div., Firestone Tire & Rub- 
ber Co., 2525 Firestone Blvd., Los Angeles, Calif. Home: 122 E. 
Neece St., Long Beach 5, Calif. 

GERLA, MORTON, Vice President, Marquette Terrace, Inc., 71 Orchard 
St., Plainview, Long Island, N. Y. Home: 99-27 66th Ave., Forest 
Hills 74, N. Y. 

GERMANO, JOSEPH J., Engng. Rep., Rocket Department, Curtiss- 
Wright Corp., Caldwell, N. J. Home: 748 Jackman St., Lancaster, 
Calif. 

GERNANDT, HERBERT H., (m) Engng. Designer, Design & Develop- 
ment, JPL, California Institute of Technology, 4800 Oak Grove Dr., 
Pasadena 3, Calif. Home: 4809 Briggs Ave., La Crescenta, Calif. 

GERO, DOANE R., (m) Vice Pres., Airborne Operations, G. M. Giannini 
Co., Inc., 918 E. Green St., Pasadena, Calif. Home: 3790 New- 
haven Rd., Pasadena, Calif. 

GERRY, JULIAN E., (m) Assist. Gen. Sales Mgr., Menasco Mfg. Co., 
805 So. San Fernando Bivd., Burbank, Calif. Home: 5809 Muri- 
etta, Van Nuys, Calif. 

GERSHON, MILTON, (m) Sr. Project Engr., Design Div., Reaction 
Motors, Inc., Denville, N. J. Home: 114 Franklin St., Morris- 
town, N. J. 

GERTEIS, ROBERT L., (s) Wichita University, Wichita, Kan. Home: 
4005 E. Lewis, Wichita 8, Kan. 

GERULAT, THOMAS G., (a) Mail: 32 New Lawn Ave., Arlington, N. J. 

GHASTIN, ROBERT W., (m) Field Engng., Repr., Hughes Aircraft Co., 
Engng. Div., Culver City, Calif. Home: 38719 21st St., Palm- 
dale, Calif. 

GIACCO, ALEXANDER F., (m) Tech. Supt., Hercules Powder Co., 
Kenvil, N. J. 

GIANNINI, GABRIEL M., (m) President, G. M. Giannini & Co., Inc., 
918 East Green St., Pasadena, Calif. Home: P.O. Box 264, Costa 
Mesa, Calif. 

GIBB, THOMAS R. P., JR., (a) Assoc. Prof. & Director Sponsored Re- 
search, Chemistry, Tufts University, Talbot Ave., Medford 55, 
Mass. Home: 27 Sargent Rd., Winchester, Mass. 

GIBBONS, HENRY B., (m) Assist. Chief Engr., Chance Vought Air- 
craft, Inc., Box 5907, Dallas, Tex. Home: 4526 Brookview Dr., 
Dallas 20, Tex. 

GIBBS, ASA B., (m) Lt. Col., Air Force Program Officer, Project 
VANGUARD, 105 Kennedy St., Alexandria, Va. Home: 1279 North 
St., Beaumont, Tex. 

GIBBBS, EMILY R., (a) Home: 430 W. Durham Rd., Philadelphia 
19, Pa. 

GIBSON, CHARLES A., (m) Engineer-Fuselage Design & Structure 
Analysis, Chrysler Corp., Missile Branch, Engng. Div., Warren, 
Mich. Home: 1768 Roslyn Rd., Grosse Pointe 36, Mich. 

GIBSON, HUBERT I., (m) General Manager, Guided Missile Division, 
Firestone Tire & Rubber Company, 2525 Firestone Blvd., Los 
Angeles 54, Calif. Home: 7640 E. Ceceilia, Downey, Calif. 

GIBSON, JOHN H., (s) University of Michigan, Ann Arbor, Mich. 
Home: 2017 Benjamin Ave., Kalamazoo, Mich. 

GIBSON, RALPH E., (f) Director, Applied Physics Laboratory, The 
Johns Hopkins University, 8621 Georgia Ave., Silver Spring, Md. 
Home: 4815 Cumberland Ave., Chevy Chase 15, Md. 

GIBSON, THOMAS F., (m) Sr. Tool Designer, Cleveland Pneumatic 
Tool Co., 3781 E. 77th St., Cleveland 5, O. Home: 16018 Nela- 
mere Rd., E. Cleveland 12, O. 

GIDDINGS, RALPH L., JR., (m) U. S. Army, Guided Missile Project 
Officer, 31st AAA Brigade, McChord AFB, Wash. Home: 12415 
Ave., DuBois, Tacoma 9, Wash. 


GIFFORD, WILLIAM E., (m) Engr., Mech. Div., Arthur D. Little Inc., 
30 Memorial Dr., Cambridge, Mass. Home: 4 Carlisle Road, 
Lexington, Mass. 


GILBERT, FREDERICK A., (m) Assistant Division Manager, Becco 
Chemical Division, Food Machinery and Chemical Corporation, 
Station “B”, Buffalo 7, N. Y. Home: 70 Windsor Ave., Buffalo 
9, N. Y. 

GILBERTSON, JOHN E., (s) Indiana Technical College, 221 West 
Washington Bivd., Ft. Wayne, Ind. Home: 340 19th St. So. Wis- 
consin Rapids, Wisc. 

GILCHRIST, JOHN D., (m) Manager, Washington Operations, Aerojet- 
General Corp., 1625 Eye St., N.W., Washington, D. C. Home: 8021 
Aberdeen Rd., Bethesda, Md. 

GILDENBERG, BERNARD D., (a) R&D Meteorologist, Balloon Branc', 
Test Facilities Division, ARDC, Holloman AFB, N. M. Home: 8(1 
Cauthen Lane, Alamogorodo, N. M. 

GILES, CEDRIC, (m) N. Y. Telephone Co., New York, N. Y. Home: 
523 Division Ave., Carlstadt, N. J. 

GILES, WILLIAM E., (a) Steam & Refrigeration Engr., Southern 
Dairies, Inc., 60 “M” St., N.E., Washington, D. C. Home: 4033 
Ingraham St., Hyattsville, Md. 

GILLEAN, JAMES I., (a) Jr. Engr. Res., Rocketdyne, A Division of 
North American Aviation, Inc., Canoga Park, Calif. Home: 12€0 
Gen. Ent. Ct., Billy Mitchell Village, San Antonio, Tex. 

GILLESPIE, ROLLIN W., (m) Engineer, North American Aviation, Inc., 
Downey, Calif. Home: 1748 Orangewood Lane, Arcadia, Calif. 

GILLIES, JOSEPH H., (m) Vice Pres. & Gen. Mgr., Gov’t & Industrial 
Div., Philco Corp., Philadelphia 44, Pa. Home: 8369 Fisher Rd., 
Philadelphia 17, Pa. 


GILLILAND, WILLIAM L., (m) President, Gilliland Enterprises, Inc., 
420 Lingle Ave., Lafayette, Ind. 

GILMAN, RICHARD, (m) President, Precision Equipment Co., Inc., 
1642 Border Ave., Torrance, Calif. Home: 5375 Rolling Ridg: 
Rd., Palos Verdes Estates, Calif. 

GILPIN, ROBERT D., (m) President, Gilpin Electronics Co., 1440 N. 
Jefferson, Mt. Pleasant, Tex. Home: Box 2003A5, Tyler, Tex. 
GILPIN, SCOTT R., (s) State Univ. of N. Y., Canton, N. Y. Home: 406 

Vets Village, Canton, N. Y. 

GILSTEIN, JACOB B., (m) Research Associate, New York University 
Res. Div., Univ. Hts., Bronx 53, N. Y. Home: 2241 Sedgwick Ave 
Bronx 68, N. Y. 

GINSBURGH, ALLEN S., (m) Sr. Engr., Solid Eng. Department, Aero- 
jet-General Corporation, 6352 No. Irwindale Ave., Azusa, Calif. 
Home: 844 E. Bennett St., Glendora, Calif. 

GIRAGOSIAN, PAKRAD ANTAR, (m) Aero. Thermodynamisist, Speciai 
Defense Projects, General Electric Company, 2900 Campbell Ave. 
Schenectady, N. Y. Home: 602 - 25th St., Watervliet, N. Y. 

GIRARD, JEAN, (m) Ingenieur en Chef des Essais en Vol, Societe 
Nationale de Constructions Aeronautiques du Sud-Oeust, Aero- 
drome de Villareche, par Moissy Cramayel (S&M) France. 

GIRARD, JOHN, (a) Technician Northrop Aircraft Co., Patrick Air 
Force Base, Cocoa, Fla. Home: P. O. Box 982, Cocoa, Fla. 

GITTENS, E. DONALD, (m) Vice President & Chief Engineer, Arma 
Division, American Bosch Arma Corporation, Roosevelt Field, Gar- 
den City, N. Y. Home: 10 The Spur, Flower Hill, Port Washing- 
ton, N. Y. 

GITTINGS, HOMER T., JR., (m) Staff Member, Los Alamos Scientific 
Lab., Box 1663, Los Alamos, N. M. Home: 1251 B 4lst, Los 
Alamos, N. M. 

GIVEN, FRANK I., (m) Research Engineer, Stanford Research Insti- 
tute, Menlo Park, Calif. Home: P. O. Box 725, Los Altos, Calif. 
GLAHE, FRED R., (s) Purdue University, Michael Goldwin Shops, W. 

Lafayette, Ind. Home: 530 S. Madison, LaGrange, III. 

GLANDER, FREDERICK L., (s) A/IC, U.S. Air Force, 808th OPS Sqdn., 
Bergstrom, AFB. Home: 105 So. 8th Ave., West Bend, Wisc. 
GLASSMAN, EDWARD B., (s) Administrative Assistant to the Secre- 
tary, The Phillips Exeter ,Academy, Exeter, N. H. Home: 42 

Fabyan St., Boston 24, Mass. 

GLASSMAN, IRVIN, (m) Assistant Professor, Dept. of Aero. Engng., 
Princeton University, Princeton, N. J. Home: 120 Prospect Ave., 
Princeton, N. J. 

GLEDHILL, FRANKLIN, (m) Vice President, Pan American World Air- 
ways, Inc., 135 East 42nd St., New York 17, N. Y. 

GLENNIE, ROBERT D., (m) Design Engr., Liquid Rocket Engines, 
Aerojet General Corp., Irwindale Ave., Azusa, Calif. Home: 120 
So. Wabash Ave., Glendora, Calif. 

GLIEBE, ROBERT L., (s) Sacramento Jr. College, Sacramento, Calif. 
Home: 1901 - 43rd St., Sacramento 19, Calif. 

GLOSSA, MILTON, (m) Assist. to Ch. Engr., Engng. Dept., Aircraft 
Comp. Div., Dunbar-Kapple Inc., Island Ave., Batavia, III. Home: 
330 Ingleside, Aurora, III. 

GNIEWEK, THOMAS T., (a) Junior Engineer, Electrochemical Dept., 
Chlorinated Hydrocarbons Div., E. |. du Pont de Nemours & Co., 
Inc., Buffalo Ave., Niagara Falls, N. Y. Home: 613 3i1st St., 
Niagara Falls, N. Y. 

GOALWIN, DANIEL S., (a) Proj. Engr., Research & Component De- 
velopment Div., Reaction Motors Inc., Denville, N. J. Home: 1 
Mill Rd., Morris Plains, N. J. 

GOBLIRSCH, VIRGIL F., (m) Electronic Tech. (Gen.), Vanguard, Naval 
Research Lab., Washington 25, D. C. Home: 5800 Dewey St., 
‘Cheverly, Md. 
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GODFREY, P. WHITSON, (m) Proj. Group Engr., Missile Engng. Divi- 


sion, McDonnell Aircraft Company, Box 516, St. Louis, Mo. Home: 
1209 Laredo Ave., St. Louis 15, Mo. 

GOE, RONALD T., (m) Research Engr., Rocketdyne, A Division of 
North American Aviation, Inc., Canoga Park, Calif. Home: 19418 
Cantara St., Reseda, Calif. 

GOLAY, MARCEL J. E., (m) Chief Scientist, Squier Signal Laboratory, 
Ft. Monmouth, N. J. Home: 116 Ridge Rd., Rumson, N. J. 

GOLD, MARVIN H., (m) Associate Director, Chemical Dept., Aerojet- 
General Corp., 6352 N. Irwindale Ave., Azusa, Calif. Home: 3739 
Landfair Rd., Pasadena 8, Calif. 

GOLDBERG, LEON, (s) New York University, Bronx 53, N. Y. Home: 
104 Lefferts Rd., Yonkers, N. Y. 

GC LDBURG, ARNOLD, (s) Forrestal Research Center, Princeton Uni- 
versity, Princeton, N. J. Home: 5 Cleveland Lane, Princeton, N. J. 

GOLDEN, JACK, (m) Director, Turbo Engineering Dept., American 
Machine & Foundry Co., 12270 Montague St., Pacoima, Calif. 
Home: 12105 Laurel Terrace Dr., Studio City, Calif. 

GCLDENBERG, ALFRED D., (s) University of California, Berkeley, 
Calif. Home: 431 S. Palm Springs, Calif. 

GCLDMAN, JACK R., (m) Field Service Representative, Rocketdyne, 
A Division of North American Aviation, Inc., 6633 Canoga Ave., 
Canoga Park, Calif. Home: c/o Rocketdyne, P. O. Box 107, 
Boron, Calif. 

GOLDMAN, RICHARD G., (m) Engineer, General Electric Co., Turbine 
Division, Schenectady, N. Y. Home: 1498 Dorwaldt Bivd., Sche- 
nectady 9, N. Y. 

GOLDSMITH, MARTIN, (m) Associate Engr., Engng. Division, Rand 
Corporation, 1700 Main St., Santa Monica, Calif. Home: 540 
Glenrock, Los Angeles 24, Calif. 

GOLDSTEIN, LEONARD, (s) Academy of Aeronautics, LaGuardia Air- 
port, N. Y. Home: 35-64 - 89th St., Jackson Heights 72, N. Y. 
GOMPERTZ, RICHARD F., (m) Chief, Rocket Engine Test Laboratory, 
Air Force Flight Test Center, Edwards, Calif. Home: 1304 Com- 

munity Rd., Edwards, Calif. 

GONGWER, CALVIN A., (m) Manager, Aerojet-General Corp., Under- 
water Engine Div., P. O. Box 296, Azusa, Calif. Home: 656 N. 
Michigan Ave., Glendora, Calif. 

GONZALES, RUDOLPH, (s) Missile Development Div., North American 
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technic Institute, Troy, N. Y. Home: 25 Monroe St., Schenec- 
tady 4, N. Y. 

ZADEL, ANTON J., (s) Indiana Tech. College, 221 E. Washington 
Bivd., F. Wayne, Ind. Home: 3410 S. Calhoun, Ft. Wayne, Ind. 
ZAEHRINGER, ALFRED J., (m) President, American Rocket Company, 
Box 1112, Wyandotte, Mich. Home: 9424 Allen Rd., Allen Park, 

Mich. 

ZAHN, HERMAN S., JR., (m) Sr. Engr., Electro-Mechanical Dept., 
Eng. Div., Glenn L. Martin Co., Baltimore, Md. Home: 9106— 
Yvonne Ave., Baltimore 6, Md. 
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ZAMBO, STEVE P., JR., (s) Purdue University, Lafayette, Ind. Home: 
10120 Kennedy Ave., Highland, Ind. 
ZAK, STANLEY J., (m) Engng. Megr., The Greenleaf Manufacturing 
Co., St. Louis 17, Mo. Home: 5 Blaytonn Lane, Ladue 17, Mo. 
ZANNES, TOMMIE, (m) Sr. Test Engr., Bell Aircraft Corp., Rocket 
Lab., Niagara Falls, N. Y. Home: 335 Louraine Dr., Kenmore 
23, N. Y. 

ZAPPA, ROBERT FRANCIS, (s) Aeronautical Research Scientist, Super- 
sonic Propulsion, NACA, Lewis Flight Propulsion Lab., Brookpark 
Rd., Cleveland, O. Home: 17421 Fernshaw Ave., Cleveland 11, O. 


ZAREM, ABE M., (m) Owner, A. M. Zarem & Associates, 727 West 
Seventh St., Los Angeles 17, Calif. Home: 2325 Monte Vista, 
Pasadena 8, Calif. 

ZEBROWSKI, EDWARD A., (m) Physicist, Engng. Div., U. S. Army, 
WSPG, New Mex. Home: 1511 Boutz Rd., Las Cruces, New Mex. 

ZEBROWSKI, WALTER J., JR., (m) General Representative, Convair, 
A Division of General Dynamics, Ft. Worth, Tex. Home: 253 
Villa Ave., Buffalo 23, N. Y. 

ZEBROWSKI, WALTER S., (m) Operations Engr., Wind Tunnel Dept., 
Cornell Aeronautical Laboratory, 4455 Genesee St., Buffalo, N. Y. 
Home: 59 Lisbon Ave., Buffalo 14, N. Y. 

ZEHETNER, HOWARD, (m) Propulsion Research Analyst, North Amer- 
ican Aviation, Inc., Los Angeles, Calif. Home: Malibu Lake Star 
Rte., Agoura, Calif. 

ZEIGER, MARCUS A., (m) Aero. Mech. VII, NACA, Ames Aero. Lab., 
Moffet Field, Calif. Home: 65 Rosemary St., San Jose, Calif. 
ZENGEL, JOHN F. P., (m) Captain, Research Directorate, Special 
Weapons Center, Kirtland AFB, Albuquerque, N. M. Home: 3820 

Simms Ave., S.E., Albuquerque, N. M. 

ZERBEY, JOHN F. Ill, (m) Plant Engng.-Gen. Supervisor, Missile 
Operations, Chrysler Corp., P. O. Box 2628, Detroit 31, Mich., 
Home: 1323 Stanley Blvd., Birmingham, Mich. 

ZETTLE, DENNIS E., (m) Home: 1213 Penn Ave., New Brighton, Pa. 

ZIEMER, RICHARD W., (s) Research Fellow, Northwestern University, 
Evanston, Ill. Home: 3041 N. Natchez Ave., Chicago 34, Ill. 

ZIMMERER, ROBERT W., (a) University of Colorado, Boulder, Colo. 
Home: 819 14th St., Boulder, Colo. 

ZIMMERMAN, JACK M., (m) Research Engr., Rocketdyne, A Division 
of North American Aviation, Inc., Canoga Park, Calif. Home: 5533 
Shoup Ave., Woodland Hills, Calif. 

ZIMMERMAN, JOHN H., (m) Br. Develop. and Engng. Service, Linde 
Air Products Co., 30 E. 42nd St., New York 17, N. Y. Home: 
Saugatuck Shores, So. Norwalk, Conn. 

ZIMMERMAN, PETER, (s) Home: 7702 Pennsylvania Pl. N.E., Albu- 
querque, N. M 

ZIMNEY, CHARLES M., (m) Chief Engr., Horning-Cooper, Inc., 2626 
So. Peck Rd., Monrovia, Calif. Home: 985 Crestview Dr., Pasa- 
dena 8, Calif. 

ZIPKIN, MORRIS A., (m) Chief Thermodynamicist, Aerophysics, Good- 
year Aircraft Corp., Akron 15, O. Home: 904 Hartford Ave., Akron 
20, O. 

ZOIKE, HELMUT M., (m) Staff Specialist, Engng. Dept., Servo- 
mechanisms, Inc., 12500 Ashton Blvd., Hawthorne, Calif. Home: 
254 Via Linda Vista, Redondo Beach, Calif. 

ZOLA, JOHN C., (m) Director, John C. Zola Laboratories, 409 So. Ray- 
mond Ave., Alhambra, Calif. Home: 2662 10th Ave., Arcadia, 
Calif. 

ZOLLINGER, JOE E., (s) Capt. USAF, Project Engineer F-86F/H a/c 
Air Research & Development Command, United States Air Force, 
Box 7663, Wright-Patterson AFB, O. Home: 518 Lohnes Dr., Fair- 
born, O. 

ZUBKO, LEONARD M., (m) Manager, AGT Development Dept., General 
Electric Co., Bldg. 300, Cincinnati 15, O. Home: 183 Farragut Rd., 
Greenhills, Cincinnati, O. 

ZUCROW, MAURICE J., (f) Professor of Gas Turbine & Jet Propulsion, 
Purdue University, School of Mechanical Engineering, W. Lafay- 
ette, Ind. Home: 801 Carrolton Bivd., W. Lafayette, Ind. 

ZUKOSKI, EDWARD E., (m) Res. Engr., Jet Propulsion Lab., Calif. 
Inst. of Tech., Pasadena, Calif. Home: 467-A South El Malino, 
Pasadena, Calif. 

ZWEMER, HOWARD A., Development Planning Specialist, Develop- 
ment Planning Department, Lockheed Aircraft Corporation, Bur- 
bank, Calif. Home: 736 Lynnhaven Lane, La Canada, Calif. 

ZWICKY, FRITZ, (f) Professor of Astrophysics, California Institute of 
Technology, Pasadena 4, Calif. Home: 2065 Oakdale St., Pasa- 
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Bader, Hugh R., Jr. 
112 Stuart, Ft. Collins, Colo. 


Barlow, Melville R. 
3539 Luna Ave., San Diego 17, Calif. 


Barnes, Samuel E., General Electric Co. 
Marketing Service Training School, Evendale, O. 


Barr, Claude James, Olin Mathieson Chemical Corp. 
E. Alton, Ill. 


Borkan, Jacob D. 
602 Highland Ave., Kenmore 23, N. Y. 


Bruski, Edmund 
3689—4th Ave., San Diego, Calif. 


Burch, Jackie J. 
Rt. 3, Box 72, Arlington, Texas 


Camper, Benton B. 
3336B So. Wakefield St., Arlington, Va. 


Cates, C. Douglas 
5330 Cochin Ave., Arcadia, Calif. 


Cohan, Henry 
3504 Carlsbad Way, Riverside, Calif. 


Cornell, Leslie A., Reeves Instrument Corp. 
Roosevelt Field, Mineola, N. Y. 


Coulter, Donald E., Indiana Technical College 
223 E. Washington Bivd., Ft. Wayne, Ind. 


Csanady, Elmer R. 
100 Tecumseh Drive, Forest Heights, Md. 


Clark, Donald H. 
4656 Plantation Ave., Fair Oaks, Calif. 


Clingingsmith, Thomas W. 


Parks College of St. Louis Univ., East St. Louis, III. 


D’Arcy, Robert W. 
716 S. Second Ave., Arcadia, Calif. 


Dawson, Stanley R. 
1717 Lansing Rd., Harundale, Glen Burnie, Md. © 


DeVivo, Anthony J. 
388 Fulton Ave., Jersey City 5, N. J. 


Drozdziel, Marion J. 
152 Linwood Ave., Tonawanda, N. Y. 


Dunkle, Cyrus G. 
15 Fairchild Ave., Morris Plains, N. J. 


Fero, Lester K. 
19 Woodgate Rd., Tonawanda, N. Y. 


Farrar, |. M., Jr. 
1004 Bragg Circle, Tullahoma, Tenn. 


Fauster, Kenneth B. 
513 Third Ave., West Bend, Wisc. 


Geffs, Robert C. 
900 Fallen Leaf Rd., Arcadia, Calif. 


Gerlach, Alan M. 
10 Roberts Rd., Wellesley 82, Mass. 


Graham, James A., Cambridge Corporation 
Industrial Park, Lowell, Mass. 


Green, Joseph F. 
2959 East 27th, Tucson, Ariz. 


Gulick, Edwin C., Philco Corporation, Govt. and Industrial Div. 
10589 Santa Monica Bivd., Los Angeles 25, Calif. 


Gustavson, John 
3290 Harbor View Dr., San Diego 6, Calif. 


Guy, Charles W. 


17230 Sunburst St., Northridge, Calif. 


Haggard, Leroy E. 
2750 Kendall, Detroit 38, Mich. 


Harp, James L. 
Battelle Memorial Institute, Columbus, O. 


Hartel, Charles F., Jr., Aerophysics Development Corp. 
506 Santa Monica Blvd., Santa Monica, Calif. 

Hartzell, Wilbur G. 


711 Linda Vista Ave., Redlands, Calif. ‘aa ede 
Havrylak, Joseph 


19028 Hollyvale St., Glendora, Calif. 


Hennessy, John C. 
Box 71A, Route 3, Wayzata, Minn. 


Hinkley, Edward T. 
1224 Thornden Rd., Rockville, Md. 


Houghton, Richard B. 
4231 Hill St., San Diego 7, Calif. 


Howard, John M. 
Aerojet-General Corp., Azusa, Calif. 


Howard, Wilmer S. 
6132 Main Ave., Orangevale, Calif. 


Huffman, William E., Jr. 
5858 Schuyler St., San Diego 14, Calif. 


Hybiak, Walter J. 
4019 West 57th Place, Chicago 29, Ili. 


Jackson, Charles H., Jr. 
813 N. Cordova St., Burbank, Calif. 


Jones, George P., Jr. 
Geophysics Research Directorate, Boston, Mass. 


Brooklyn 1, N. Y. 


Kernott, Robert P. 
1520 N. Crescent Hts. Bivd., Los Angeles 46, Calif. 


Kalet, Milton W. 
210 Congress St., 


Kendall, Donald E. 
1529 Granville Ave., Los Angeles 25, Calif. 


Kidwell, Norman E. 
P. O. Box 1628, Springfield, Mass. 


Kinack, Ronald J. 
15831 Littlefield, Detroit, Mich. 


Krase, William H. 
R. #2, Morow, O. 


Kruszynski, Norbert E., United States Army 
“D"” Btry. 74th AAA, Bn., Pittsburgh 29, Pa. 


Kuryla, William C. 
1652—23rd St., Cuyahoga Falls, O. 


Ladesich, John 
3518 W. 73rd Terrace, Kansas City 13, Mo. 


LeFrois, Robert G. 
309 State St., Medina, N. Y. 


Lewis, Sydney W 


330 E. Hazel St., Apt. 6, Inglewood, Calif. 


Lightfoot, Jackson K. 
Powder Power Tool Corp., Portland, Ore. 


Lockwood, Robert M., Lockwood, Andrews & Newman 
P. O. Box 13 332 (1010 Waugh Drive), Houston 19, Texas 


Logan, John W., Cambridge Corp. 
Industrial Park, Lowell, Mass. 


Loomis, William W. 


303 South Lee St., Garrett, Ind. 


Marion, Frank A. 
615 Orchard Dr., Redlands, Calif. 
Mathewson, Bruce W. 

483 Clifton Ave., Clifton, N. J. 
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Meyer, Robert T. 
4543 Crown Ave., La Canada, Calif. 


Minzner, Raymond A. 
7 Oak Hill Dr., Arlington 74, Mass. 


Monjar, Vernon 
1404 Thomas Dr., Las Cruces, N. M. 


Moule, James C. 


2345 Oak St., Apt. #2, Santa Monica, Calif. 


Murray, Francis J. 


3815 Countryside Plaza, Wichita 17, Kansas 


Nathan, Robert L., Coleman Engineering Co., Inc. 


6049 W. Jefferson Bivd., Los Angeles 


O’Mchoney, William 
490. W. Van Buren, Chicago, Ill. 


Nev nan, David P. 
60-4 Franklin, China Lake, Calif. 


Pas uariello, John R. 
R. #1, Box 22, Osceola, Ind. 


David F. 
474. Donovan Dr., Carmichael, Calif. 


Plu:omer, Ira Lee 


1/L.. USAF, 1280 AACSRON, APO 241, 


Ragsdale, William C. 
Puriue University, W. Lafayette, Ind. 


Re »hardt, Charles M. 
9950 Lanier, St. Louis 21, Mo. 


Reynolds, Francis D. 


421;—28th Place, W., Seattle 99, Wash. 


Reynolds, Richard S. 

Box 133, Monterey, Calif. 

Riebeschl, Edward 


Oak Grove Trailer Court, New Brighton, Minn. 


Rogers, Joseph W. 


511 S.W. 4th Ave. (Apt. #5), Miami 36, 


Ross, Herman H., Jr. 
Potter Pacific, Woodland Hills, Calif. 


Salter, James W. 
3910 Gannon Rd., Silver Spring, Md. 


Samuels, James L. 


240 N. Topeka, Apt. 203, Wichita 2, Kansas 


Sartore, Silvio R. 
1403 Ivyton St., Lancaster, Calif. 


Schmidt, F. Robert 


Naval Research Lab., Washington, D. c 


Schnitt, Arthur 
11 Linwood Ave., Buffalo 2, N. Y. 


Seeman, Richard V. 
121 Rodney Ave., New Brunswick, N. J. 


Seitz, Robert N. 
96 Stockbridge Rd., Mentor, O. 


Senneff, John M. 
381 Claremont Ave., Kenmore 23, N. Y. 


Sheppard, Donald C. 
3900 Old Powdermill Rd., Beltsville, Mo. 


Spitler, James K., Indiana Technical College 
221 E. Washington Bivd., Ft. Wayne, Ind. 


16, Calif. 


Still, C. Henry 
Rocky Mountain News, Denver, Colo. 


Stillwell, Charles E. i] 
3947'/, E. Bellevue Ave., Tucson, Ariz. 


Szaniszlo, Andrew J. 
4175 E. 142nd St., Cleveland 28, O. 


Tait, Charles W. 
Wyandotte Chemicals Corp., Wyandotte, Mich. 


Thatch, Daymon W. 


5 Be 421 Magnolia St., Highland Park, N. J. 
Thompson, Aller W. 7 
7 Hq. Air Force Flight Test Center, ARDC, Edwards AFB, Calif. Wa 


Towne, Fred T., Ill 
4049 Prescott, Dallas, Texas 


Turek, Charles 
251 Northwood Dr., Kenmore 17, N. Y. 


Turner, John J. 
60-A Franklin, China Lake, Calif. 


Van Emon, Clair E., Ramo-Wooldridge Corporation, 
5730 Arbor Vitae St., Los Angeles 45, Calif. 


Waldo, Robert D. 
Aerojet-General Corp., Azusa, Calif. 


Fla. 


Wang, Chiao-Jen 
922 E. imperial Highway, E! Segundo, Calif. 


Weber, William P. 
Battelle Institute, Columbus, O. 


Welther, Robert S. 
2216 Marine St., Santa Monica, Calif. 


Wyckoff, Peter H. 
155 Washington Ave., West Newton, Mass. 


* Members processed after Roster closing date. 
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n systems 
are now being developed for 


Arma inertial navigatio 


If you are interested, contact Arma 
Garden City, N. Y. A division of 
American Bosch Arma Corporation. 


ACF INDUSTRIES, INC. 
NEW YORK, N. Y. 
Etherington, Harold, Vice President 
Furrer, R., Vice President 
Reid, J. G., Jr., General Mgr. 
Vikiund, Vidar, Mechanical Engr. 
Avior Division, Paramus, N. J. 
Maloney, William W., Jr., Draftsman 
Wehrlin, Richard F., President 
Erco Division, Hyattsville, Md. 
Dorris, Homer L., Designer ‘‘A”’ 
Foster, Victor W., Development Engr. 
Martucci, Anthony R., Designer 
Vaught, William A., Mech. Designer 
St. Charles, Mo. 
Raiche, Louis G., Mgr., Aircraft 


ACCESSORY PRODUCTS CORP., 
WHITTIER, CALIF. 


Adair, George P., Sr. Partner, Chief Engr. 
Cordes, Orville A., Sales Mgr. 

Durning, William P., Sales Promotion Mgr. 
Eguiazu, Pedro Miguel, Maintenance Eng. 
Meple, Robert L., Executive V. Pres. 
Ransom, Eugene A., Factory Mgr. 

Rogers, Robert G., President — 
Smith, William M., V. P. & Chief Engr. | 
Taylor, William P., Proj. Engr. 


AERC ENGINEERING CO. 
MINEOLA, N. Y. 
Granlund, Karl G., Installation Engr. pe 


AEROJET-GENERAL CORP., AZUSA, CALIF. 

Apodaca, Albert R., Proj. Engr. 

Apolis, John J., Design Engr. 

Armstrong, Aikman Jr., Engng. Rep. 

Armstrong, Don L., Director Chem. Dept. 

Barney, John D., Design Engr. 

Beattie, Richard M., Sr. Engr. 

Beauchamp, Jack M., Northeastern 
Reg. Rep. 

Billheimer, John S., Devel. Engr. 

Blatz, Paul J., Tech. Specialist 

Bloom, William E., Leadman 

Bosco, George B., Jr., Head, Rotating 
Machinery Dept 

Bradshaw, Samuel L., Tech. Editor 

Brittain, Charles W., Design Engr. 

Bross, David R., Rocket Controls 
Devel. Engr. 

Brower, Jack M., Design Engr. ‘‘A”’ 

Brown, Clyde O., Senior Chemist 

Brown, Robert C., Patent Counsel 

Bruns, August F., Regional Rep. 

Burton, Boxenhorn, Design Engr. ‘‘B” 

Carius, George E., Design Engr. 

Campbell, William E., Acting Mgr. 

Carroll, John J., Design Engr. 

Christoffel, Jack, Instrumentation Engr. 74 

Clapp, John T., Sr. Engr. 7 : 

Conn, Kenneth D., Chem. & Mech. = 
Lab. Supervisor 7 

Cox, Wiliiam T., Head of Department 7 

Dahl, Rudolph, Washington Representative 

Dartner, Paul P., Aerobrake Proj. Engr. 

Davis, Robert E., Sr. Engr. 

Dekker, Albert O., Assoc. Director of Chem 

Demetriades, Sterge T. 

Dodge, Charles H., Assist. Sr. Engr. 

Dolgonas, Gene, Prin. Engr. 

Dorman, Bernhardt L., Mgr., Test & Field 
Service Division 

Ehresman, Charles M., Sr. Test Engr. 

Elko, Edward R., Head, Thrust Chamber 
Dept. 

Ellis, Herbert B., Technical Specialist 

Farber, Milton, Engr., Head of Propel- — 
lants Section 

Fehr, Thomas W., Assist. Sr. Engr. 

Fischer, Elliott F., Development Engr. 

Folkerts, Keith D., Design Engr. 

Geckler, Richard D., Dir. of Quality Control 


PA 


Geimer, Robert G., Design Engr. 

Ginsburgh, Allen S., Sr. Engr. 

Glennie, Robert D., Design Engr. 

Gold, Marvin H., Associate Director 

Gongwer, Calvin A., Manager 

Goodreau, Albert J., Assist. Sr. Engr. 

Gooze, Arnold, Supervisor, Solid Rocket 
Testing 

Gordon, Robert, Assist. Chief for 
Aircraft Eng. 

Gore, Marvin R.. Development Engr. 

Gore, Williarn L., Director of Sales 

Green, Leon, Jr., Sr. Eng., Solid Eng. Dept. 

Greenberg, Arthur B., Development Engr. 

Greenfield, Harold H., Devel. Engr. 

Guest, Thomas E. 

Helier, William, Development Engr. v4 

Henze, Harry, Assist. Sr. Engr. : 

Hepkema, Robert L., Design Engr. 

Hirsch, Robert L., Sr. Engr. 7 

Hitchcock, Ellwood T., Supervisor of 
Quality Engng. 

Holcomb, Don C., Sr. Engr. 

Holderness, Eugene R., Devel. Chemist 

Holzman, David, Devel. Engr. ‘‘A”’ 

Hopkins, Berne H., Design Engr. 

Hosier, C. W., Jr., Assist. Director of Sales 

House, William C., Prin, Engr. Study 
Dept. 

Inouye, Kaoru, Process Control Chemist 

Jenkins, Orin D., Instrumentation Tech. 

Kadota, Hayao, Des. Engr. 

Kimball, Dan A., President 

Klager, Karl, Dept. Head 

Klenha, Robert J., Test Engr. 

Knoll, E. F., Assist. Sr. Engr., Group Leader 

Krumbholz, Stanley G., Dev. Engr. 

Kurtz, William J., Dept. Head, Rocket & 
Mechanical Testing Dept. 

Lawrence, Ralph W., Assist. Sr. Chemist 

Lessley, Robert L., Development Engr. 

Litt, William 

Lorman, Edmund F., Sr. Engr. 

Lucken, Ernest G., Sr. Engr. 

Lynch, James R., Contract Coordinator 

McKevitt, Frank X., Design Engr. “‘B” 

Machlanski, Sigmund H., Sr. Engr. 

Maletz, Michael, Tech. Specialist 

Martin, Leo P., Development Engr. a) 

Masterson, Robert B., Jr., Engng. 
Administrative Coordinator 

Meier, Joseph W., Design Engr. 

Merboth, Warren J., Regional Rep. | 

Miesse, C. Charles, Physicist — 

Mill, Robert J., Chief, Armament Dept. 

Minnick, Richard E., Development Engr. 

Much, Richard C., Development Engr. 

Mulligan, William R., Assist. Sr. Engr. 

Mundt, Kenneth F., Dir. of Manufacturing 

Murphy, Walter Jr., Director of Industrial 
Relations 

Murray, Wilson A., Design Engr. 

Myers, Harry S., Jr., Assist Head, Thrust 
Chamber Dept. 

Niederman, Howard H., Sr. Chemist 

Nichols, John F., Head, Arichitect-Engr. 
Services Dept. 

Omori, Thomas T., Sr. Engr. 

Owens, Thomas W., Laboratory Tech., 
Chemical Div. 

Parsons, Robert E., Development Engr. 

Pierce, James R., Devel. Engr. 

Pompa, Michael Francis, Des. Engr. 

Prudden, Terry M., Proj. Engr. 

Queen, Roy L., Assist. Chief Engr. 

Randolph, Carl, Principal Chemist 

Reed, Dwight H., Shop Supervisor 

Reichard, Emerson S., Jr., Mgr., Contracts 
Division 

Reynolds, James W., Mfgng. Rep. 

Roberts, Ernest R., Chief Engr. 

Robinson, James M., Devel. Chemist 

Rogers, Don E., Devel. Engr. 


Rogers, William L., Assist. Gen. Mgr. 

Ross, Chandler Cole, Mgr., Liq. Engine 
Division 

Rucks, Edward L., Principal Engr. 

Rude, Arthur H., Executive Vice President 

Sato, Kazuhiko, Devel. Engr. 

Schaff, Alfred, Jr., Head, Field Service 

Schneiderman, Herman, Devel. Chem. 
Engr. 

Siff, Walter C., Quality Control Engr. 

Sinclair, Lee S., Jr., Principal Engr. Ord 
Rocket Dept. 

Sogorka, John J., Jr., Design Engr. 
Liquid Eng. Div. 

Speyer, Alfred, Devel. Engr. i 9 

Spies, Robert, Devel. Engr. ; 

Stark, John K., Devel. Engr. 

Taft, William H., Chief, Tech. Publications 

Taylor, Clifford L., Test Engr. 

Thackrey, James D., Sr. Engr. 

Thompson, William R., Devel. Engr. 

Urbach, Everett J., Assist. Sr. Engr. 

Van De Verg, Nathaniel, Tech. Specialist 

Van Ornum, D. M., Northwest Regional 
Rep. 

Virga, Russell A., Quality Control Engr. 

Wahlin, Hugh R., Design Engr. =. 

Walker, Thorp B., Sr. Engr. 

Waller, Cecil E., Devel. Engr. 

Wang, David K., Design Engr. 

Warfel, John S., Mgr. of Research 

Whipple, G. Graham, Assist. Mgr. 

Whitley, Charles M., Washington Rep. — 

Wilson, E. Milton, Sr. Chemist a 

Wittgen, Jack, Supt., Plant Control 

Wolff, Henry, Devel. Engr. : 

Yob, Parry C., Chemist 

Young, David A., Principle Engr. 

Zettle, Dennis E., Devel. Engr. 

Covina, Calif. 


Johnson, Donald E., Proj. Engr. 


Dayton, Ohio 


Longyear, Alfred B., Tech. Rep. 


Ft. Worth, Texas 
Laski, Edwin C., Regional Representative 


Huntsville, Ala. 
Artley, Gordon E., Southeastern Reg. Rep. 


_ Sacramento, Calif. 


Anderson, Bert J., Proj. Engr. 

Ball, James R., Design Engr. « 

Beighley, Clair M., Sr. Engr. 

Bell, Joseph H., Design Engr. 

Bernstein, Boris A., Devel. Engr. 
Bornstein, Lawrence J., Proj. Engr. 
Bourne, John C., Jr., Engr. 

Burdick, W. E., Works Mgr. 

Carness, Marvin Michael, Design Engr. 
Cavender, William D., Jr., Design Engr. 
Chester, E. Duane, Design Engr. a) 
Coplen, Herman L., Jr., Prin. Engr. _ 
Coss, Frank A., Sr. Proj. Engr. 

Davis, Jimmie A., Design Engr. 

Dean, Leo E., Devel. Engr. 

Drefs, Herbert W., Instrumentation Tech. 
Fenton, Wayne H., Devel. Engr. 
Greenberg, Stanley, Design Engr. 
Griffin, Jerry, Engng. Aide 

Haas, John E., Instrumentation Tech. © 
Haley, Earle D., Jr. 

Hull, James R., Design Engr. 

James, George S., Tech. Writer 

Katz, Richard, Design Engr. 

Koester, Harold E., Design Engr. 
Krancz, Joseph A., Checker 

Kurt, George, Supervisor 

Landesberg, Erwin, Engr. 

Large, Charles B., Mgr., Quality Control 
Lawrence, Hewson, Devel. Engr. 
Livingston, Frank W., Design Engr. “B” 
McLaskey, Vernon A., Devel. Engr. ‘‘A” 
McLearie, John R., Sr. Buyer 
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For outstanding engineers at all levels, Avco’s 
long-range expansion—in missiles and in all the 
physical sciences—offers unprecedented opportu- 
nity. Write: Dr. E. R. Piore, Vice-President in 
Charge of Research, Room 416G, Avco Research 
and Advanced Development Division, Stratford, 


Heseareh 


avco defense and industrial products 


what helps an engin 


“Freedom from routine, an atmosphere of inquiry, and provocative assign- 
ments are all important to an engineer’s growth. But possibly the most 
wmportant factor of all is the mental stimulation provided by able associ- = 
ates. It’s important at all levels .. . it’s essential to a young engineer.” 


WANTED 


Leaders in the exploitation of new areas of Science i 


Physical Scientists 
Advanced degree preferred in— Physics - Aerodynamics 
- Metallurgy - Physical Chemistry - Mathematics 


Electronics 


Engineers 


Electronic - Mechanical - Aeronautical - Chemical 


ant Advanced Development — 


combine the scientific skilis, and production facilities of 3 great divisions of Avco Manufacturing Corp.: Research and Advanced 
i precision parts. 


Development; Crosiey; Lycoming — which currently produce power plants, electronics, airframe components 


eer grow? 


“Top-level associates” says Dr. J. AX Kyge 

noted authority on nuclear onal eri 
_ formerly Chief Scientist for NucleatPow 
Division, U.S. Navy Bureau of Shigs, no, 
Project Director of Avco Reseaifh ar 
Advanced Development Division. His Bnsw 
reflects both the thinking and oppa@ytunit, 

in this new Avco division devoted @ntirel 


to advanced research and develdpment 


division 
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Mertz, E. R., Sr. Engr. 

Miller, Gustavus S., Jr., Devel. Engr. 

Nagin, Ira, Devel. Engr. 

Neu, Edward A., Jr., Sr. Engr. 

Neumann, Richard K., Mathematician 

Newman, Robert S., Sr. Engr. 

Nord, William J., Devel. Engr. 

Nylin, Nels E., Sr. Des. 

Peltz, Gunther F., Design Engr. 

Peterson, Joseph J., Assist. Mgr., Engng. 
& Research 

Pierce, Jack B., Devel. Engr. 

Racicot, Paul Gerald, Devel. Engr. 

Rideout, William H., Chief Draftsman 

Robertson, Duane E., Instrumentation 
Leadman 

Rocco, Thomas F., Sr. Engr. 

Scott, William R., Rocket Test Tech. 

orenger, David F., Chief Prod. Engr. 

tarrett, Daniel, Design Engr. “‘A” 

echman, Charles W., Design Engr. 

‘einberg, Frederick, Mathematician 

iff, Ray C., Jr., Mgr, Engng and Res. 
Division 

Stuart, Wendell F., Rocket Test Foreman 

Tanenbaum, Dan M., Mgr. 

Trew, Robert O., Design Engr. 

\/ebster, Harry L., Lab. Tech. 

‘ork, Harry J., Devel. Engr. 

Young, Robert B., Resident Mgr. 


Washington, D. C. 
Cowen, John B., Dir. of Govt. Oper. 


Gilchrist, John D., Mgr., Washington Oper. 
Csborn, Harold F., Washington Rep. 


AEROLAB DEVELOPMENT CO., INC. 
PASADENA, CALIF. 


Crofut, Edward G., Pres. & Dir. of Engng 


AERONAUTICAL DIGEST PUBLISHING CORP. 
WASHINGTON, D. C. 
Beller, William S., Managing Editor 
Bergaust, Erik, Rocket & Missile Editor 


AERONCA MFG. CORP., 
MIDDLETOWN, OHIO 
Page, George A., Jr., Vice Pres., Research 
& Engng. 


AEROPHYSICS DEVELOPMENT CORP., 
SANTA MONICA, CALIF. 
Bollay, William, President, Tech. Director 
Dean, A., Res. Engr. 
Escher, Peter H., Electrical Engr. i 
Feldman, K. F., Proj. Engr. 
Kendrick, James B., Proj. Engr. 
Knuth, Eldon L., Aerodynamics Engr. 
Moon, Albert |., Stress Analyst “A” 
Moore, Dr. Norton B., Aerophysics Spec. 
Pollard, Frank B. 


Shonerd, David E., Proj. Engr. 


AEROPRODUCTS-ALLISON, 
VANDALIA, OHIO 7 


Maddux, Gene E., Aerodynamicist > 


AEROPUBLISHERS, INC., 
LOS ANGELES, CALIF. 


Gentle, Ernest J., President and Editor 
in Chief 
AEROQUIP CORPORATION, 
JACKSON, MICH. 


Hagerstown, Md. 
Arthur, Dogan H., Aircraft Sales Mgr. 
Reisner, Joseph H., Staff Engr. 


AERO RESEARCH INSTRUMENT CO., 
CHICAGO, ILLINOIS 
Scadron, Marvin, Chief Engr. 
AERO SUPPLY MFG. CO., INC., 
CLEVELAND, 
Smyer, William H., Jr., Proj. Engr. 


AGRICULTURAL SUPPLY INC., 


THORN TOWN, IND. 


Doctor, John C., President 


Boston, Mass. 


AIRBORNE ACCESSORIES CORP., 
HILLSIDE, N. J. 


Warren, John E., Chief Systems Engr. 


AIRCRAFT ARMAMENTS, INC., 
COCKEYSVILLE, MD. 


Barr, Irwin R., Chief Ordnance Engr. 

Chapman, Robert B. Ill, Vice Pres. & 
Assist. Gen Mgr. 

Jacobson, Joel M., Vice Pres. & Gen Mgr. 

Kahn, Marvin J., Chief Structures & Aero- 
dynamics Dept. 

Macht, Stuart M., Engr. 

Monson, Franklin A., Sr. Layout Engr. 

Smith, Henry A., Sr. Engr. 

Webb, William A., Proj. Engr. 


AIRCRAFT EQUIPMENT TESTING CO., 
BALTIMORE, MD. 


Kupiec, Harry P., General Mgr. 


AIRCRAFT INDUSTRIES ASSOCIATION, 
WASHINGTON, D. C. 
Phillips, James F., Secretary, Guided 
Missiles Committee 


AIR PRODUCTS, INC. 
ALLENTOWN, PA. 
Doney, Edward, Sales Mgr. 
Langer, Julian, Jr. Engr. 
Pavlis, Frank E., Vice President 
Pool, Leonard P., Pres. 
Schilling Clarence J., Chief Engr. 
Thomas, William H., Mgr., Govt. Contracts 


AIR REDUCTION CO., INC., 
NEW YORK, N. Y. 


Slottman, George V., Vice President 


Murray Hill, N. J. 


Bastress, E. Karl, Jr., Engr. — @ 
Moen, Walter B., Section Head _ 
AIR REDUCTION PACIFIC CO., _ 


VERNON, CALIF. 


MacCorkle, Emmett Wallace Jr., Vice Pres. 


AIR TRAILS NETWORK, 
DAYTON, OHIO 


Buchan, Alexander, Vice Pres. 


ALCO PRODUCTS, INC., 
SCHENECTADY, N. Y. 


Beardsley, Ferris P., Assist. Mgr. Market- 
ing, Defense & Ind. Prod. 

Diakoff, Alexis J., Consulting Engr. 

Sawyer, R. Tom, Mgr. of Research 

Silvey, Mayo S., Mgr. Marketing, Defense 
& Industrial Products 


ALGIN CORP. OF AMERICA, 
ROCKLAND, ME. .. 


Stanley, Norman F., Research Dir. - 


ALLIED CHEMICAL & DYE CORP., 
NEW YORK, N. Y. 


Nitrogen Division 


Frear, George L., Assist. Mgr., Product 


Devel. 
Eastman, Robert J., Prod. Devel. Tech. Rep. 


Solvay Process Division 


Ross, Douglas H., Dir. of Product Devel. 


ALLIED RECORD MFG. Co., 
HOLLYWOOD, CALIF. 


Jones, Bruce C., Chief Engr. 


ALLIED RESEARCH ASSOCIATES, INC, : 
BOSTON, MASS. 


Kelley, Joseph Jr., Vice President 
Levy, Lawrence, President 


ALLSTATES ENGINEERING CO., 
TRENTON, N. J. 


Woods, Robert O., Mech. Designer 


Rodman, Wilmot L., Proj. Engr. 


Cincinnati, Ohio 
Berliner, Wm., Proj. Engr. 


AMERICAN BOSCH ARMA CORPORATION 
GARDEN CITY, N. Y. 
Fischer, Roger W., Proj. Administrator 
Neville, Leslie E., Dir. of Public Relations 
and Advertising 
Perelle, Charles W., President 
Arma Division 
Foss, Clifton T., Vice President and 
General Mgr. 
Gittens, E. Donald, Vice President & Chief 
Engr. 
Guterman, Frederick H., Assist. Vice Pres.- 
Programs and Customer Relations 
Walz, Louis E., Spec. Staff Rep. 


AMERICAN BROADCASTING—UNITED 
PARAMOUNT, INC. 
NEW YORK CITY, N. Y. 


Anthony, Julian C., Commentator 


AMERICAN ELECTRIC FUSION CORP., 
CHICAGO, ILL. 


Henke, Edmund J., President and Res. Dir. 


AMERICAN MACHINE & FOUNDRY CO., 
NEW YORK, N. Y. 
Evans, Thomas P., Deputy Director— 
Research & Development 
Jaros, Zygmunt, Defense Products Mgr. 


Boston, Mass. 
Hobbs, Marvin, Director of Marketing 
Chicago, Ill 
Fitzgerald, J. Edmund, Research Mgr. 
Olson, Ramon L., Supervising Res. Engr. 
Raynor, Severin, Director, Mechanics Res. 
Dept. 
Colorado Springs, Colo. 
Paul, Ben E., Mechanics Research Dept. 


Greenwich, Conn. 
Guarino, Roger C., Assist to Manager 
Hofstein, Lawrence L., Group Leader— 
Mech. Integration 
Sigley, Daniel T., Associate Director for 
Guided Missiles 


Pacoima, Calif. 
Ash, Arthur B., Manager, 
Section 
Golden, Jack, Director 
Holzi, Robert A., Chief Devel. Eng. 
Lieberman, Seymour, Associate Res. Engr. 
Morgan, G. Richard, Res. Engr. 7 


Pasadena, Calif. ie 
Kelsey, George M., Sr. Proj. Engr. — 


Res. & Devel. 


AMERICAN POWER JET CO., 
RIDGEFIELD, N. J. 7 


Chernowitz, George, Director 
AMERICAN REINFORCED PLASTICS CO., 
LOS ANGELES, CALIF. ; 

Sait, H. Bernard, Sales Mgr. 
AMERICAN ROCKET COMPANY, 
WYANDOTTE, MICH. 

Zaehringer, Alfred J., President 


AMERICAN ROCKET SOCIETY, 
NEW YORK, N. Y. 
Harford, James J., Executive Secretary 
Slade, A. C., Secretary 


AMERICAN SINTEEL CORP., 7 
YONKERS, N. Y. 


Stern, George, Vice Pres.—Tech. Director 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS 
NEW YORK, N. Y. 


Davies, Clarence E., Secretary 


AMERICAN-STANDARD, 
REDWOOD CITY, CALIF. 


Parker, Frank A., Jr., Director 
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BATTELLE INSTITUTE, 
COLUMBUS, OHIO 
Basham, Sam J., Jr., Mechanical Ener., 
Research 
Bowman, Richard E., Principal Chemist 
Lemmon, Alexis W., Jr., Assistant Chief 
Chemical Engng. Res. 
Putnam, Abbott A., Asst. Division Chief, 
Aeronautics & Thermodynamic Div. 
Salmassy, Omar K., Principal Mech. Ener., 
Metallurgical Engng. 
Weller, Albert E., Jr., Principal Engr. 


ATLANTIC DESIGN CO., 
on NEWARK, N. J. 
Harkiewicz, Chester, Checker-Print 


ATLANTIC REFINING CO., 
PHILADELPHIA, PA. 
Rimmer, Peter G., Physica! Tester, Res. & 
Devel. Dept. 


PHILADELPHIA, PA. 
Marvin, Philip R., Consultant 


ANDERSON GREENWOOD & CO., 
HOUSTON, TEXAS 
Slaughter, Louis, Jr., Vice Pres., 
Chief Engr. 


APPLIED RADIATION CORP., 
WALNUT CREEK, CALIF. 
Garbellano, David W., Vice President 


ATLANTIC RESEARCH CORP., 
ALEXANDRIA, VA. pars 
Archer, Harry J., Engr. Cnsultant ine 
Friedman, Raymond 
Grover, John H., Chem. Engr. 
Myatt, DeWitt O., Mgr. of Development 
Rice, Millard Lee, Director, Applied Mathe- 
matics & Interior Ballistics Div. 
Engr., 


BECHTEL CORPORATION, 
SAN FRANCISCO, CALIF. 
Heselton, Robert G., Electrical Draftsm n, 
Refinery Div. 


APPLIED RESEARCH, INC., 
CHICAGO, ILL. 
Kiebert, Martin V., evuee of Research, 


Electronics 


Roberts, W. Cameron, Jr., Proj. 
ARDE ASSOCIATES, Chemist, Chemistry Dept. 
Rossen, Joel N., Chemical Engr. 


NEWARK, N. J. 
Mayer, Ernest, Sr. cae a Scurlock, Arch C., Pres. and Treasurer 


BECKMAN & WHITLEY, INC., 

SAN CARLOS, CALIF. 

Place, E. William, 
Prod. Div. 


Mgr., Guided Mis<‘le 


Sage, Charles G., President Vande Vrede, Robert G., Project Engr., 


Chemistry Division 
i i i BEDINGER PRODUCTS CORP., 


R. S. ARIES & ASSOCIATES - = Weil, Lester L., Director, Chemistry Div. 
NEW YORK, N. Y. : Pasadena, Calif. ALAMOGORDO, N. M. 
Aries, Robert S., Consultant v2-. J Philipson, Joseph, Western Representative Bedinger, Joseph A., President 
AUSTIN CO., BEECH AIRCRAFT CORP., 


ARKAY RESEARCH ASSOCIATES, 
WICHITA, KANS. 
Ruby, Samuel, Chemical Consultant and 
Group Coordinator 


WICHITA, KANS. 
Allen, Paul E., Mgr., Quality Control & 
Customer Service 
Anselm, R. Harvey, Staff Engr., Weapors 
Requirements, Missile Engng. Div. 


NEW YORK, N. Y. 
Venerdi, Vincent P., Mech. Designer, 
Special Devices 


ARMOUR FERTILIZER WORKS, AVCO MANUFACTURING CORP., 


BARTOW, FLA. 


ARMOUR RESEARCH FOUNDATION, 
CHICAGO, ILL. 


Constant, Clinton, Tech. Asst. 


Brabets, Robert |., Assoc. Chem. Engr. 

Cushing, Vincent J., Mgr., Prop. Res. 

Erikson, Ted Allen, Asst. Chem. Engr. 

Frankson, Karl D., Asst. Engr. 

Hansen, Larry J., Design Engr. 

Keane, John D., Acting Supervisor, Chem- 
ical Engng. Res. 

Kinney, Layton C., Assistant Mgr., Chem- 
istry and Chemical Engng. Dept. 

Kirkland, John T., Supervisor, Missiles Sec. 

Krc, John, Jr., Asst. Supervisor, Analytical 
Dept. of Chem. and Chem. Engng. 

Ljubenko, Dusan J., Asst. Purchasing Agent 

Meitner, John G., Head of Research, Chem- 
istry Division 

Nothmann, Gerhard A., Mgr., Dept. of 
Mechanism & Dynamics Research 

Nusbaum, Milton S., Associate Engr., Pro- 
pulsion Div. 

Platz, Gerald M., Asst. Supervisor, Propel- 
lants Chemistry Research 

Schmidt, Leo T., Supervisor 

Thorp, Clark E., Mgr., 
and Chemical Engng. 


Tzantzos, George J., Associate Engr., Pro- 


pulsion and Structures 

ARO, INC., 

TULLAHOMA, TENN. 
Bloxsom, Daniel E., Engr. 
Jones, Ira P., Jr., Staff Engr. 

ASSEMBLED PRODUCTS CO., 

LYNBROOK, N. Y. 

Lembeck, William, Partner-Design Engr. 


ASSOCIATED ENGINEERS, INC. 
AGAWAM, MASS. 


Hellquist, George A., Employment Superv. 


Pastore, Michael W., Sr. Proj. 

Viets, William D., Proj. Engr. 
ASSOCIATED MISSILE PRODUCTS CORP. 
POMONA, CALIF. 

Stanly, Albert L., Administrative Mgr., 

Engng. Division 

ASSOCIATION OF AMERICAN RAILROADS, 
CHICAGO, ILL. 


Engr. 


Coburn, Seymour K., Chem. Engr., Engng. 


Division 


Dept. of Chemistry 


‘W. F. AND JOHN BARNES COMPANY, 


STRATFORD, CONN. 
Adams, Mac C., Deputy Dir., 
Advanced Development Div. 
Hoercher, Henry Erhardt, Assoc. Scientist, 
Advanced Development Division 
Kahane, Abraham, Aerodynamics Sect. 
Chief, Research & Advanced Dev. Div. 
Kantrowitz, Arthur, Director, Research & 
Advanced Development Div. 
Kyger, Jack A., Project Dir., Research and 
Advanced Development Div. 
Lichtenstein, Immanuel, Tech. Asst. to 
V. P. of Research 
Wilson, Robert W., Project Engr., 
Deveiopment Div. 
Cincinnati, Ohio 
Berry, Harvey H., Sr. Engr., Advanced De- 
velopment Group, Crosley Div. 
Lynn, George A., Systems Engr., Electronic 
Production Product Engng. 
Everett, Mass. 
Feldman, Saul, Advanced Develop. Engr., 
Research Labs. 
Nashville, Tenn. 
Shewchuck, D. D., Liaison Engr. “A” 


Research & 


Advanced 


AVIATION WEEK 
NEW YORK, N. Y. 
Anderton, David A., Asst. Managing Editor 
(Technical) 
Lefer, Henry, Associate Editor 


AVICA CORP. 
NEWPORT, R. I. 
Chorley, Percy E., Gen. Sales 
Millar, John H., Gen. Mgr. : 
Weiss, Richard S., Chief Sales Engr. 


AXELSON MANUFACTURING CO. 
LOS ANGELES, CALIF. : 
Shields, G. R., Aviation Sales Mer. 7 


BAIRD ASSOCIATES, 
CAMBRIDGE, MASS. 

Billings, Bruce H., Vice Pres. & Gen. Mgr. 
THE BALTAZOR CO., 


NEW ORLEANS, LA. 
Baltazor, Albert A., Owner 


INC., 


ROCKFORD, ILL. 
Johnson, Frederick M., Exec. Asst. to Pres. 
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Burleigh, Dean E., Mgr., Engng. Admin:s- 
tration 

Calhoun, John T., Design Engr. 

Collins, D. T., Weight Analysist 

Gordon, M. J., Chief of Preliminary 

Hodges, Roy A., Engr. 

Jeffries, Robert Richard, Aerodynamics 


Engr. 

Miller, Richard J., Stress Engr., Structures 
Dept. 

Monts, L. Frank, Staff Engr.-Propulsion, 
Engng. Dept. 

Nelson, Louis D., Des. Engr., Power Pit. 
Prelim. Des. 


Odevseff, Alec S., Mgr., Military Engng. 

Pro, Wilbur F., Rocket Propulsion Systems 
Engr., Missile Engng. ; 

Reagan, James F., Mgr., Missile Engng. 

Schmidt, Gerald F., Tech. Illustrator A. 

Stevens, Calvin L., Aerodynamicist 

Taylor, T. R., Contract Requirements Engr. 


BEHR-THOMSON, INC., 
STUTTGART, GERMANY 7 


Riedel, Walter, Mgr. 


BELL AIRCRAFT CORP., = 
BUFFALO, N. Y. 


Bailer, Edward R., Expediter-Investigator 

Bell, Lawrence D., President 

Berke, Harold, Rocket Data Analysis Engr. 

Best, Bushnell, Test Engr., Rocket Lab. 

Blanton, John W., Turbine Pump Group 
Leader 

Bottaro, Andrew, Rocket Labortary Sub- 
Section Leader 

Breidenstein, Richard M., Aerodynamicist 

Byington, Harry W., Rocket Res. Engr., 
Rocket Dept. 

Carpenter, Paul, Rocket Design & Service 
instructor, Rocket Dept. 

Clack, Seth, Adm. Sub-Section Leader 

Colt, John Z., Rocket Lab. Group Leader 

Cowgill, Edward L., Flight Test Engr. 

Culp, Donald H., Asst. Foreman, Functional 
Test Lab. 

Culverwell, 

Deptua, Joseph J., 
Rocket Dept. 

Donnenworth, Creighton T., Rocket Test 
Group Leader, Test Dept., Engng. Div. 

Duane, Raymond R., Asst. Proj. Engr. 

English, William J., Missile Technician 

Eusanio, Emil N., Design Engr., Rocket 


Dept. j 


Clifford H., Rocket Lab. Tech. 
Installations Engr., 


AMERICAN VISCOSE CORPORATION, 
- 
» 
: 


n, 


it. 


ig 


Feld, David, Acting Group Leader, Rocket 
Install., Rocket Section 

Foster, Richard Bruce, Preliminary Des. 
Group Leader 

Ferullo, Harry A., Proj. Engr., Rocket 
Engng. Dept. 

Fredericks, Jim, Test Engr.-Gas Turbine 
Pump, Rocket Test Dept. 

French, G. Thomas, Rocket Facilities Group 
Leader, Rocket Dept. 

Frisch, John A., Technical Aide, Labora- 
tories Planning 

Graf, Henry R., Des. Engr., Rocket Dept. 

Gray, Robert H., Sr. Rocket Instrumenta- 
tion Engr., Rocket Dept. 

Guendel, Herbert H., Technical Assistant 
jadley, William L., Dynamics Engr., Engng. 
Division 

Haney, Byron E., Development Engr., 
Rocket Section 
jeiss, Franklyn B., Drafting Consultant, 
Rocket Section 

4eubusch, Henry Ph., Asst. Propellants & 
Materials Group Leader, Rocket Dept. 

Jansen, Howard J., Rocket Installation 
Group Leader 

<alp, Lester H., Lab. Tech. 

‘asper, Walter, Dynamics Engr. 

enneally, Edmund D., Test Engr. 

Knoble, Robert L., Lead Technician, Hy- 
draulic Servomechanisms Dept. 

Mrull, Stephen D., Rocket Lab. Sub Section 
Leader 

Kubica, Andrew John, Mech. Engr. 

.ennon, William E., Sr. Co-Ordinator and 
Expeditor 

Lewinski, Stanley F., Rocket Installations 
Engr., Rocket Dept. 

Lewis Raymond J., General Technician 
Supervisor 

Long, Sam A., Chief Chemist 

Lucas, Henry A., Sr. Test Engr., Rocket 
Division 

Magalhaes, John A., Rocket Sect. Engr. 

Moore, Wendell F., Rocket Installations 
Engr. 

Mueller, Heinz, Group Leader, Rocket En- 
gine Design, Rocket Dept. 

Narog, John Jr., Test Coordinator 

Norman, Ronald F., Trainee 

O'Malley, James A., Jr., Project Aero- 
dynamicist, Engng. 

Petrozzi, Paul J., Rocket Res. Engr. 

Potter, Robert L., Combustion Research 
Group Leader 

Powell, William C., Engng. Test Pilot, 
Flight Test 

Prybylski, John R., Des. Engr., Rocket Div. 

Racisz, Stanley F., Aerodynamicist 

Raisen, Eliott, Rocket Engr., Propellant 
Laboratory 

Reed, George A., Field Test Director 

Reichel, Rudolf H., Rocket Develop. Engr. 

Reinhardt, Thomas F., Rocket Res. Section 
Leader, Rocket Engine Dept. 

Rinehart, Dewey, Asst. Chief, Rocket Sec. 

Roach, Robert D., Jr., Rocket Design Engr., 
Rocket Division 

Rossmann, Theodor G., Rocket Consultant, 
Rocket Div. 

Saltarelli, Eugene A., Design Engr., Rockets 
Division 

Sandstrom, R. J., Vice President, Engng. 

Schiavone, D. C., Engr. 

Sing, Daniel Y., Project Structures Engr. 

Sing, Paul Y., Rocket Design Engr., Rocket 
Section 

Smith, William M., Chief Rocket Engr., 
Rocket Eng. Dept. 

Spoon, George E., Tech. Aide to Chief to 
Chief of Gen. Engng. Labs. 

Springstead, Elliot T., Components Test 
Engr., Rocket Div. 

Stanton, Earl G., Mgr., Photographic- 
Motion Picture Dept., Niagara Frontier 
Division 

Stengel, Melvin G., Project Co-ordinator, 
Rocket Engng. Dept. 


ONE OF A SERIES — depicting Rocketry — ‘‘Yesterday, Today and Tomorrow”’ 


from the tartar wall to the moon 


The Battle of Kai-fung-fu in 1232 ... Ft. McHenry in 1814 . . . Goddard's 
experiments in 1920 ... the supersonic Bell X-1 in 1947 . . . these were mile- 
stones in rocketry. Slowly evolving into today’s potent weapon, the rocket is 
still more than a weapon ... it is man’s escape route into space. 


Before this frontier can be achieved, tremendously complex problems must 
be solved. Intriguing problems that challenge the ingenuity of even the most 
creative engineer. These problems are being solved every day by Bell Aircraft’s 
engineering teams. 


Bell's rocket engine division has designed and built numerous successful 
rocket engines for different Army, Navy and Air Force projects, including the 
Nike and Rascal guided missiles. In a continuing research program complete 
facilities are available, including 44 test cells capable of conducting over 400 
test runs a month. 


For the imaginative engineer with a sincere interest in his professional 
future and a wide choice in career opportunities, contact .. . 


MANAGER, ENGINEERING PERSONNEL 


e RESEARCH ENGINEER — heat transfer and 


fluid mechanics 

e@ GROUP ENGINEER — heat transfer and 
fluid mechanics 

e AERONAUTICAL AND MECHANICAL 


ENGINEERS 
@ ROCKET TEST ENGINEERS 


P.O. BOX BUFFALO, N. Y. 
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Stephenson, Frank W., Jr., Rocket Eng. 
Engr., Rocket Eng. Design Group 

Sterman, Albert P., Assist. Structure’s Unit 
Leader, Rocket Dept. 

Van Lonkhuyzen, John H., Chief, Technical 
Department-Engng. 

Willet, Robert M., Jr., Engng. Planning 
Coordinator, Engng. Div. 

Williams, Clayton W., Engr. 

Wynd, Leo F., Sr. Rocket Components Test 
Engr. 

Zannes, Tommie, Sr. Test Engr. 

Edwards AFB, Calif. 

Amell, Richard Wm., 

Rocket Dept. 
Holloman AFB, N. M. 

Browning, Dale P., Quality Control Repre- 
sentative, Inspection Div. 

Fritz, William C., Electronics Tech., Hollo- 
man Air Development Center 

Jacobs, Irving V., Rocket Powerplant Tech. 

Thurber, Kenneth W., Lead Technician, 
Power Plant 

Weber, Lawrence A., Crew Chief, Field Test 
Division 


Rocket Test Tech., 


BELL AND HOWELL CO., 
CHICAGO, ILL. 


Stanonis, Alphonso F., Res. Engr., Research 


Dept. 


BELL TELEPHONE LABORATORIES, INC., 
NEW YORK, N. Y. 
Murray Hill, N. J. 
Bode, Hendrik W., Direct. Res.-Physical, 
Sciences, Research Dept. 


Whippany, N. J. 
Higgins, William H. C., Direc. of Military 
Electronics Development 
Hough, Richard R., Dir. of Military Sys- 
tems Dev. 


Richey, James D., Technical Staff, Under- 
water Systems Development Dept. 

Tinus, William C., Vice President 

West, Julian M., Director of Military Sys- 
tems Engng,., Military Electronics Dept. 


BENDER WHOLESALE CO., 
RAPID CITY, S. DAK. 


Bender, Eugene H., General Mar. a 


DETROIT, MICH. 
Fontaine, A. P., Vice President-Engng. 
Geller, R. E., Dir. Spec. Prod. Res. 
Haddad, Michael T., Electronic Test Engr. 
Selvidge, Harner, Director Special Products 
Development 


Bendix Pacific Division 
Cooper, Edwin O., Service Mar., 
West Coast Division 
Dickey, Forrest B., Design Engr., Missile 
Development 
Horning, Thomas D., Engr., 
Section 


Telemetry 


Bendix Products Division 


DeFrees, Robert E., Proj. Engr., 
& Development 
Duchek, Burton J., 

Evaluation 
Elisworth, Chas. R., Ram-Jet Engr., 
Jet, Turbine & Hydraulics Gr. 
Goslee, John W., Sr. Service Engr., Fuel 

Metering Technical Service Dept. 
Halpin, Eugene P., Technical Asst. to Gen. 
Mgr., Missile Section 
Heller, Douglas M., Director of Engng., 
Missile Plant 
Kuto, George R., Asst. Engr., Missile Div. 
Lessing, Calvin G., Asst. Mathematician, 
Missile Section 


Research 
Asst. Eng., Engng. 


BENDIX AVIATION CORP., 


Loy, Carl A., Associate Engr., Airframe 
Design, Project Engng. Group, Missile 
Section 

Mock, F. C., Director, Fuchs Systems 
Engr., Missiles Div. 

Russell, C. R., Test Engineer, 
Division, Missile Section 

Shaar, Camille M., Jr., Chief Project Engr, 
Products Div., Missiles 

Webb, Wilbur L., Gen. Mgr., Products Div. 

Eclipse-Pioneer Division 

Bevins, James E., Chief Mechanical Engr. 

Lansing, Raymond P., Vice President, 
Group Executive and Director 

Messerly, George H., Sr. Engr. 

Saxton, Robert G., Assist. Sr. Engr., Sys 
tems Engng. Section 

Sylvander, Roy C., Director of Engng. 

Tobias, Leonard W., Design Engr 

Villiers, Charlies Amherst, Engng. Liaiso:. 
Europe 


Products 


Hamilton Division 
Bailey, Frank A., Lab. Tech. 
Brown, Earl T., Engng. Lab. Tech. 
Marshall, John T., Chief Engr. 
Mizen, Walter J., Project Engr. 
Puckett, Eugene A. 


Pioneer Central Division 


Tingle, William W., Proj. Engr., Fuel Flow 
meter Division 


BERGEN ENGINEERING & DEVELOPMENT 
CORP. 
TETERBORO, N. J. 


Palen, Peter H., Mgr. Valve Division 


BLAW-KNOX CO., 
ERIE, PA. 
Knarr, Henry S., Res. Engr., Research 
Dept. 


DESIGN and MANUFACTURE 


Hydraulic Accumulators 


and 


The Beechcraft USN XKDB—I Target Drone 


ENGINEERS: 


It will pay you to investigate Beechcraft at 
Wichita before you relocate. 

You are invited to explore the many opportuni- 
ties available in our missile division. We are ex- 
panding this portion of our design program and 
are in need of capable graduate engineers. 

Engineers with the following experience fac- 
tors will be needed for work on targets, drones 
and missiles: 

e Electrical and Electronic Systems, particularly 

automatic flight control systems 

® Digital and Analog computing 

@ Aerodynamics 

Write or wire Roy F. Kunz—Engineering Per- 
sonnel, 9730 E. Central, Wichita, Kansas for 
additional information regarding Beechcraft and 
the advantages of living in Wichita. 


BEECH AIRCRAFT CORPORATION 
Wichita 1, Kansas 


Miscellaneous 


REDCO Tool Division 


Red Lion Cabinet Co. 
Red Lion, Pa. 
ae Red Lion 3-3211 


5 

~ 3 

+ 

BY 

Ric 

~ 
* 


BE 


For 
a ystems and Compon 
ents 


mussite GUIDANCE 


ar 
other speci4 ized electronic fields 
assures the mature development 
the RIGHT syste™ for eac 
application. 


POWER PACKAGES 


designs and manu- 
le sub-systems. Pic- 
i hydraulic 


ple 
cylinders an 
manifolde 


Bendix-Pacific Two Stage High 
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E. W. BLISS COMPANY, 

CANTON, OHIO 

Chamberlain, Chester A., Secretary and 
Asst. to the President 


BOEING AIRPLANE CO., 
SEATTLE, WASH. 
Acurio, John, Assoc. Res. Engr. “A” 
Alexander, John D., Staff Engr.-Tech. Res. 
& Devel. Staff, Pilotiess Aircraft 
Annis, Prince R., Tool and Prod. Planner 
Atkinson, Mary L., Jr. Engr. 
Bonifaci, Leonardo P., Res. Engr. 
Bridgforth, Robert M., Sr. Group Engr., 
Power Plant Staff 
Brousseau, Joseph A., Jr., Res. Engr., 
Power Plant Unit, Pilotless Aircraft Div. 
Budish, Nathan N., Preliminary Design 


Engr. 

Bush, Dallace K., Research and Develop- 
ment Engr. 

Carkeek, Richard W., Res. Engr., Power 
Plant Dept. 


Christensen, Ray G., Staff Engr. 

Coon, W. Emmett, Res. Engr., Bomarc Test 
Section, Pilotless Aicraft Div. 

Cope, Nevin H., Design Engr., Power Plant, 
Pilotiess Aircraft Div. 

Davis, Hugh J., Design Specialist 

Drury, Jim C., Res. Engr., Guided Missile 
Div.-Power Plant Staff Unit 

Finley, William L., Associate Res. Engr. A, 
Mechanical Equipment Unit 

Gray, William L., Sr. Group Engr., Opera- 
tional Analysis, Pilotless Aircraft 


Hacherl, Regis A., Associate Res. Engr., 
Power Plant Research 
Hansen, Walter J., Engr. Designer “A”, 


Pilotiess Aircraft Div. 

Hettrick, George W., Research Engr. 

Jewett, Robert H., Chief Engr., Pilotiess 
Aircraft Div. 

Jordan, John A., Assoc. Res. Engr., Physi- 
cal Research Staff 

King, Archer E. Ill, Engr., Fit. Anal. Group, 
Pilotless Aircraft Div. 
Kirkwood, Keith S., Field Service Repre- 
sentative, Pilotiess Aircraft Div. 
Lakey, George L., Engr.-Supervisor, 
less Aircraft Div. 

Leszynski, Stanley W., Research Engr. A, 
Pilotiess Aircraft Div. 

Metcalf George E., Assoc. Res. Engr. A, 
Physical Res. Staff 

Mills, Walter B., Res. Engr. 

Murphy, Edward D., Flight Test Engr., 
Power Plant 

Nordstrom, Carl J., Ill, Assoc. Res. Engr. A, 

Norelius, Marvin L., Assoc. Res. Engr. 


Owen, Darrel M., Jr. Engr. hea 


Plath, Robert, Project Engr. : 

Ramroth, William G., Engr. ive 7 

Reed, George W., Design Engr. 

Rhodes, Glen L., Mech. Engr. 

Ribanyi, Paul, Res. Engr. 

Ringe, G. Truxton, Group Engr.-Prelim. 
Design 

Ruder, Nathan S., Rocket Propulsion Group 
Engr. 

Sanders, William C., Res. Engr. 

Setterlund, Gordon, Associate Res. Engr. 

Smith, Almontie C., Process Co-ordinator- 
Special 

Sparrow, Chester D., Flight Test Engr. 

Sprattling, Willis, Jr., Design Specialist 

Stewart, Douglas H., Res. Engr. “A” 

Stoner, George H., Staff Assistant 

Sutherland, George S., Res. Engr. 

Truly, Richard H., Engr. 

Wood, Lysle A., Vice Pres. and Gen. Mgr., 
Pilotiess Aircraft Div. 


Pilot- 


Patrick AFB, Fla. 
Campbell, Paul B., Facility Co-ordinator 
D’Alli, Sebastian J., Missile Test Engr. 
Gardner, Arthur J., Design Engr. 
Hill, Fosdick E., Res. Engr. 
Holmes, Alfred F., Sr. Lab. Supervisor, 
Flobac Div. 


McDaniel, Keith K., Field Test Director 
Risley, William L., Jr., Field Test Engr. 
Toney, Harold E., Missile Mech. 

White, Orral C., Coordinator 

Wichita, Kans. 

Barnes, Clarence E., Jr., Sr. Supervisor, 
Production Illustration Group 

Crispano, Alan J., Engr. 

Fox, Frederick K., Stress Analyst “A” 

Holloway, Richard B., Associate Engr. 

Howard, Duane W., Res. Engr. 

Jacobs, Frank, Jr., Res. Engr., Metallurgy 

Long, C. Marvin, Res. Engr. 

Marino, Eugene H., Res. Engr. 

McMurtrey, Lawrence J., Res. Specialist 

Roberts, Edward H., Assoc. Engr.-Stress 

Vanik, Milford F., Chief of Tech. Staff 

Young, William J., Tool Engr. ‘‘B” 


BOND RESEARCH LABS., 
SOMERVILLE, MASS. 
Guaraldi, Leonard A., V. Pres., Chief Engr. 


INC., 


BORG-WARNER CORPORATION 
BEDFORD, OHIO 
Schalla, Clarence A., Chief Proj. Engr. 


BOROLITE CORP. 
PERTH AMBOY, N. J. 

Stach, Otto R., General Mer. 
BRADCO, INC., 

BALTIMORE, MD. 

Joyce, Temple N., President 
BRANIFF ENGINEERING CO., 
OKLAHOMA CITY, OKLA. 

Milam, William T., President 
BROOKS & PERKINS, INC., 
DETROIT, MICH. 

Kirkpatrick, James S., Vice Pres., Researc 


and 


JACKSONVILLE, FLA. 
McLeod, John F., Owner 


BROWN’S CAMERA, 


BRUSH ELECTRONICS CO., 7 
CLEVELAND, OHIO 
Harris, J. H., Vice President, Planning 
Hempel, Roy A., Proj. Engr., Product 
Design 
Lynch, T. E., Vice President 
Parkinson, David B., Gen. Engr. Mgr. 
Pierce, Donald E., Assist. Mgr., Equipment 
Dept. 


BULOVA RESEARCH AND DEVELOPMENT 
LABS., INC., 

FLUSHING, N. Y. 
Shelley, Edwin F., Chief Engr. 

Woodside, N. Y. dof 
Fenton, Stuart J., Prin. Aerodynamicist 
Petrides, Thracy, Head, Advanced Systems 

Dept. 
Steele, Theodore K., Staff Engr., Research 


WILLIAM A. M. BURDEN 
NEW YORK, N. Y. 
Burden, William A. M., Partner 


& CO., 


CALIFORNIA RESEARCH CORPORATION 
RICHMOND, CALIF. 


Brandt, Harry, Res. Engr. 

Pino, M. A., Res. Engr., Chemicals Div. 
CAMBRIDGE CORP., 
LOWELL, MASS. 

Warner, Roger S., Jr., Vice President 
CANADAIR, LTD., 
MONTREAL, CANADA 

Schaefer, Everett B., Asst. Chief Engr. 


CANADIAN LIQUID AIR CO., LTD., 
MONTREAL, CANADA 


Savard, Guy, Mgr., Develop. & Engng. Dept. 
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CARBIDE & CARBON CHEMICALS CO., 
NEW YORK, N. Y. 


Bateman, Robert L., Director, Prod. Devel, 

Benedict, Donald B., Vice Pres., Research, 
Development & Fibers 

Fogel, Elston E., Vice President 

Joslin, Richard M., Sales Mgr., Industrial 
Chemicals Div. 

Law, George H., Director of Research 

Ross, Alfred C., Los Angeles Sales Mg-. 


CARBORUNDUM COMPANY, 
(Refractories Division) 
PERTH AMBOY, N. J. 


Barr, Robert A., Sales Mgr., Refracto-ies 
Division 

Johnson, Boyd M., Vice Pres., Refractories 
Division 


Nicholson, Kenneth C., Supervising Er.zr., 
Research & Dev. Div. 

Stach, Otto R., Mgr., Ceramic Fiber Froj. 

Ten Eyck, John C., Washington Rep. 

Turner, Arthur A., Mgr. Engng. Br. 

Wroten, William L., Jr., Sr. Engr., 
Services 


Tech. 


CARRIER CORP., 
SYRACUSE, N. Y. 


Jensen, Richard C., Design Engr. 


CARSON & SON, 
HUGHSON, CALIF. 


Carson, William T., Jr. 


CARTER LABORATORIES, INC., 
PASADENA, CALIF. 


Carter, James M., President 


CELANESE CORPORATION OF AMERICA, 
SUMMIT, N. J. 


Harris, William P., Laboratory Technician 


CEMENTOS ANAHVAC, S.A., 
MEXICO 


Derrom, Donald L., Assist. Director General 


CENTRO TECNICO DE AERONAUTICA, 
SAO PAULO, BRAZIL 


Rebello, Fernando P., Engr. 


CEN-VI-RO PIPE CORPORATION, 
SOUTH GATE, CALIF. 


Peirsol, James H., Chief Engr. = 


CESSNA AIRCRAFT COMPANY, 
WICHITA, KANSAS 


Ahrens, Donald J., Project Engr. 

Bauer, Norman D., Propulsion Systems 
Supervisor 

Petroff, Alex N., Dir. of Res. 

Roth, Don C., Engr. 

Salter, Tom, Vice President, Engng. 

Waring, Henry F., Chief Engr., Military 
Aircraft 


CGS LABORATORIES, INC., 
STAMFORD, CONN. 


Sontheimer, Carl G., Exec. Vice President, 
Director of Engng. 


CHANCE VOUGHT AIRCRAFT, INC., 
DALLAS, TEX. 
Blaylock, Raymond C., Vice Pres., Engng. 
Brimmer, Robert A., Proj. Engr. 
Buckstaff, John D., Jr., Propulsion Engr. 
Caltabiano, Salvatore, Sr. Propulsion Engr. 
Clark, John Russell, Asst. Chief Eng.-Air- 
craft Projects 
Gibbons, Henry B., Asst. Chief Engr., 
Technical 
Graham, Harry M., Prop. Proj. Engr. 
Jordan, Harold R., Colonel USMC, Retd 
Ludwig, John W., Supervisor, Design Group 
Murty, Kenneth T., Prop. Engr. 
Perry, Samuel O., Assist. Chief Engr., 
Missile Projects 
Posch, Ralph F., Sr. Propulsion Engr. 
Rodean, Howard C., Lead Propulsion 
Analyst 
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CANADAIR 


HAS 


PRODUCED 


; 


MORE 


The development of guided missiles of every type is 
becoming one of the most competitive areas in our 
world today . . . for supremacy in this field can well 
determine peace for many years. The race is now for 
greater speed, higher altitude, longer range, 


more sensitive control. 


The strength of Western defense lies to a great extent 
in the development for the Armed Forces of these new 
weapons systems suited to the supersonic age. The 
once deadly cannon, machine gun and rocket are being 
superseded by complex weapons of great ingenuity. 
Canadair has long had a prominent role in Canada’s 
guided missile program, applying the knowledge 
acquired in years of experience in advanced aircraft 
systems engineering . . . and Canadair’s research, 
engineering and manufacturing resources are constantly 
making further important contributions to 


projects in this field. 7 


CANADAIR . 


LIMITED, MONTREAL, CANADA 
AIRCRAFT MANUFACTURERS 


A subsidiary of GENERAL DYNAMICS CORPORATION, 
New York, N.Y.— Washington, D.C. 
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THAN ANY OTHER CANADIAN MANUFACTURER 
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Townsend, Samuel J., Chief of Propulsion 
Vale, Herbert J., Propulsion Analyst 


CHEMICAL CORN EXCHANGE BANK, 


Wise, Eugene P., Staff Proj. Engr. 
Zerbey Ill, John F., Plant Engng., 
Gen. Supervisor 


NEW YORK, N. Y. CINCINNATI GAS & ELEC. CO., aie 
Halecky, John P. CINCINNATI, OHIO oe 
Vignot-Van Beuren, Alfred J., Assist. Sec. Michael, Donald T., Electrical Engr. _ i 

SHADYSIDE, MD. oe OYSTER BAY, NEW YORK 7 
Fox, Lorick F., Chief Draftsman ewe Preble, Richard G., Engr. 

C & O RAILROAD CO., a oa CITIZENS FIDELITY BANK & TRUST CO., 

SAGINAW, MICHIGAN LOUISVILLE, KENTUCKY 


Williston, Carl O., Diesel Electrician 


CHICAGO BRIDGE & IRON CO., 
CHICAGO, ILL. 
Harris, Chester A., Jr., Assist. Shop Super. 
Herman, George R., Eectrical Engr. 


CHICAGO MIDWAY LABORATORIES, 
CHICAGO, ILL. 


Adamowicz, Charles M., Sr. Res. Engr. 
Affrunti, Andrew A., Assoc. Res. Engr. 
Barten, Henry J., Chief, Mechanics Section 
Edelman, Bennett H., Chief Resident Engr. 
Jacobs, Kenneth Henry, Assoc. Chief Engr. 
Malis, Michael F., Research Engr. 
Nicolosi, Sebastian J., Assoc. Director 


CHICAGO TRIB-N. Y. NEWS SYNDICATE, 
NEW YORK, N. Y. 
Mosley, Zack T., Aviation Cartoonist 


THE CHRISTIAN CO., 
PASADENA, CALIF. 


Welsh, John C., Gen. Mgr. 


CHRYSLER CORP., 
DETROIT, MICH. 

Africano, Alfred, Head, Power Plant Design 
Dept., Missile Operations 

Bader, Henry, Jr., Liaison Engr. 

Ball, Laurence M., Chief Laboratories Engr. 

Ball, Peter C., Mechanical Engr. 

Brady, C. Allan, Operating Mgr. 

Buell, David N., Asst. Dept. Head, 
Structural Design 

Butterfield, John P., Chief Engr. 

Dietz, Joseph L., Test and Devel. Engr. 

Dofter, Edward J., Head, Materials Lab. 

DuDeck, Alvin Paul, Body Engr. 

England, Arthur O., Supervisor, Personnel 
Development 

Erickson, Robert P., Proj. Engr. 

Felts, Robert, Project Engr. 

Forman, Louis B., Head, Elect. Design 
Dept. 

Francis, lvan M., Project Engr. 

Gibson, Charles A., Engr. 

Graham, Richard M., Mgr., Quality Control 
Dept. 

Grenus, Michael, Prelim. Des. Engr. 

Grochowski, Mitchell, Inspection Superv. 

Lawrence, Lovell, Jr., Head Power Plant 
Design 

Loomis, Ralph W., Supervising Engr. 

Luecht, John W., Gen. Supervisor, 
Advanced Design 

McBride, Frank E., Supervisor of Project 
Engng., Assembly Div. 

Meidrum, Bernard J., Staff Engr. 

Miller, William A., Engine Layout 

Murray, Yvonne E., Product Design 

Nielsen, Edwin A., Staff Engr. 

Oliveto, Frank J., Process Engr. 

Rasquin, John R., Supervisor, Electrical 
Fabrication 

Salvador, Galdino, Field Test Rep. 

Sampou, Andre P. 

Schiavone, Daniel C., Staff Project Engr. 

Schram, Jack C., Mechanical Engr. 

Swaney, Frank R., Proj. Engr. 

Sylvester, Vincent A., Project Engr. 

Vehko, Vaino J., Gen. Supv. Product Design 

Weatherred, Charles J., Staff Assist. 

Williams, Charles W., Mgr., Fabrication & 
Assembly. 


_ CLARY MULTIPLIER CORP., 
SAN GABRIEL, CALIF. 


Abbott, C. Webster 


Borden, Jay R., Chief Engr. 
Meeks, Paul J., Gen. Mgr., Instrument Div. 


CLEVELAND PNEUMATIC TOOL CO., 
CLEVELAND, OHIO 


Gibson, Thomas F., Sr. Too! Designer 


CLEVELAND RECORDING COMPANY, 
CLEVELAND, OHIO 
Hamann, Kenneth R., Chief Engr. 
CLEVITE-BRUSH DEVELOPMENT CO., 

CLEVELAND, OHIO 
Kliever, Waldo H., Vice President 
Lynch, Thomas E., Vice Pres., Director of 
Ordnance Products 


CLIMAX MOLYBDENUM CO., 
; LOS ANGELES, CALIF. 
, Wilson, John E., Dist. Mgr. & Met. Engr. 


CLUNEBONIFF FARMS, 


NEW CANAAN, CONN. 
Senior, John L., Jr., Mgr. 


COLEMA ENGINEERING CO., INC., 
LOS ANGELES, CALIF. 


Hood, Wiliam J., Engr. 
Krupp, William E., Instrumentation Supv. 
COLONIAL AIRLINES, 
LA GUARDIA FIELD, N. Y. 
Wagner, Julius A., Pilot 
COMMERCIAL SOLVENTS, INC., 
NEW YORK, N. Y. 
Gwinner, Walter C., Supervisor of Market 
Research 
COMPAGNIE DES ENGINS A REACTION 
POUR VOL ACCELERE, S.A.E., EGYPT 
Bodewadt, Uwe T., Dr. Habil. 


COMPAGNIE DES ENGINS A REACTION 


Paget, Harold D., Assist. Proj. Engr. 
Silvern, David H., Sr. Proj. Engr., Adv. 


Engr. Section 
Squiers, John C., Staff Engr. 


CONTROL ENGINEERING CO., 
DETROIT, MICH. 


Lietz, Arnold R., Chief Engr. , 


CONTROL INSTRUMENT CO., 
BROOKLYN, N. Y. 


Snow, Frank J., Proj. Engr. 


CONVAIR, A DIVISION OF GENERAL 
DYNAMICS CORPORATION, 
SAN DIEGO, CALF. 

Berry, Walter, Design Engr. a. 

Bossert, K. J., Assist. Chief Engr. 

Clare, Edward T., Chief Electronics Engr. 

Clark, Richard A., MSD. Group 

Clark, William E., Research Engr. 

Coggan, Bernard F., Div. Mgr. 

Crooks, James W., Jr., Engng. Des. Spec. 

Dempsey, James R., Program Dir., WS 
107A Project 

Dorrance, William H., Assist to the Directo: 
of Scientific Research 

Dunatov, Joseph J. Instrumentation Tech 

Ehricke, Krafft A.,Group Engr., Pre. Desigr 
& Systems Analysis 

Ellis, J. Dean, Design Specialist 

Fink, Frank W., Chief Engr. 

Frasher, Carl L., Test Engr. 

Friedrich, Hans R., Chief Flight Mech. Engr 

Gotkiewicz, Julian A., Test Engr. 

Haliman John R., Thermodynamic Engr. 

Heald, Daniel A., Sr. Design Engr. 

Jirsa, Larmon L., Chief Prop. Group Engr. 

Katz, Elliott L., Sr. Thermodynamics Engr. 

Lange, Hermann E., Research Dept. 

Lester, Wm. A., Sr. Design Engr. 

Love, Charles C., Sr. Engr. 

Mansfield, Malcolm B., Flight Test Engr. 

Muller, Louis F., Sr. Design Engr. 

Naish, John V., Executive Vice President 

Robison, George F., Research Test Engr. 

Rosenbaum, Mortimer, Assist. Chief Engr. 

Salisbury, Henry M., Des. Engr. 

Schwartz, Edward W., Sr. Thermodynamics 
Engr. 

Sebold, R. C., Vice Pres., Engng. 

Sims, Eugene C., Flight Test Engr. 

Suvada, William J., Sr. Design Engr. 

Swet, Charles J., Sr. Design Engr. 

Walker, Charles R., Jr., Proj. Coordinator 

Wieland, John A., Sr. Electronics Engr. 

Willey, Norman W., Sr. Design Engr. 


Daingerfield, Texas 


Arnold, J. Elwood, Mgr. 


Edwards AFB, Calif. 


McLarin, Maitland, Flight Test Instrumen- 


POUR VOL ACCELERE, ALMAZA EGYPT = tation Engr. (Telemetry) 
Engel, Rolf, Tech. Dir. Engr. in Chief Ft, Worth, Texas 
CONOVER MAST PUBLICATIONS, INC, derson, Harold C., Training Assist. 


CLEVELAND, OHIO 

Reed, Robert J. 
CONSOLIDATED RESEARCH & DEV. CORP., 
MONROVIA, CALIF. 

Pichel, Marlowe A., President & Gen. Mer. 


» BELGO MEXICANAS, SA., 


_ IXTAPALAPA, D. F. 
Moreno, Marcelo 


CONSULTANTS & DESIGNERS, INC., 
NEW YORK, N. Y. 7 
McCrocklin, Robert Earl, Devel. Test Spec. 
Nelson, Warren A., Design Draftsman 


CONTINENTAL AVIATION & ENGNG. CORP., 
DETROIT, MICH. 
Bachle, Carl F., Vice President 
Collins, Whitney, Chief Engr. - 
Genden, Seymour A., Project Engr. 


Manera, Salvatore A. pe 


Supervisor 

Bagnall, Leslie M., Nuclear Engr. 

Barone, Martin J., Flight Test Engr. bie 

Berry, Edwin R., Prop. Engr. 

Bissell, Howard R., Sr. Field Engr. 

Burley, James, Draftsman 

Clark, Hoyt, Jr., Training Specialist 

Clausen, John T., Aerophysics Engr. 

Crabtree, Charles F., Sr. Design Engr. 

Craig, George H., Sr. Systems _ Installa- 
tion Engr. 

Cripliver, C. (Charles) Roger, Engng. Pub- 
lications Editor 

Davis, Frank W., Chief Engr. 

Esenwein, August C., Vice Pres.-Mgr. : 

Haden, Jimmie B., Design Draftsman 

Hallam, Robert S., Sr. Test Engr. nl 

Hayes, Robert R., Sr. Nuclear Engr. 

Heit, John G., Sr. Field Engr. 

House, James P., Electronics Des. Engr. 

Karageorge, George J., Test Engr. 

Kerr, John A., Sr. Design Group Engr. 

Koshiol, George P., Power Plant Engr. 
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Corporation commenced Mis- 


sile Operations in October of 1952 with the now 
famous Redstone Project. Since that time we have 
steadily grown to a position of prominence in the 
Guided Missile Field. With world events forcing an 
ever-increasing demand for Guided Missiles, the De- 
fense Department recently disclosed the participa- 
tion of the Chrysler Corporation in the IRBM and 
Fleet Ballistic Missile Systems Programs. 

Because our activities extend from the 


drawing boards to the launching sites, we offer un- 


limited opportunities for engineers with demon- : 


strated leadership ability to become an integral part 
f the Chrysler Missile team. 


With contracts now comitting us to Mis- 


sile activities for years to come, it is our decision to 
steadily expand our work force in an all-out effort to 
encompass every phase of Missile development and 
production including engineering, research, design, 


field test consultation, and manufacturing. 


In the Guided Missile Field, Chrysler 
Corporation is truly the key to an engineer’s future. 


Address inquiries to: 


Chrysler Corporation 
Missile Operations 


Personnel Department 
P.O. Box 2628 
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The throttleable rocket engine that powers the 
new Bell X-2 is one more example of the 
design concepts that have earned for Curtiss- 
Wright its leadership in the aircraft industry. 


1 


Exploring the problems of the “heat barrier” 
. . where windshields melt and ordinary air- 
craft metals disintegrate . . . the X-2 employs 
a thrust equal to the power that drives a Navy 
cruiser at high speeds. Searing through the 
THERMAL sonic barrier (yesterday’s problem) and far 
beyond, it will gather data vital to America’s 
BARRICR future in the air. Its pilot will be able to throt- 
tle the engine up and down, for faster or 
slower speeds, and start or stop it . . . at will. 
He will select from a wide range of throttle 
positions . . . proportioning his fuel and con- 
trolling rocket thrust . . . another Curtiss- 
Wright first that makes rocket power practi- 
cal for tactical aircraft. 


Other advanced propulsion systems 
developed by Curtiss-Wright are pow- 
- ering leading airlines to new records 
_as they go in service on latest re-equip- 
ment programs ... are providing our 
air forces, and those of our allied na- 
_ tions, with long-awaited bonus power 
for today’s spectacular developmental 
as well as operational aircraft. And 
there is more ... much more ... to 
come from Curtiss-Wright. 


“2 


YOUNG MEN! JOIN THE U.S. AIR FORCE 


SONIC 
BARRIER 


Investigate Career Opportunities 
At Your Nearest Recruiting Office 


DIVISTO.N 


CURTISS: WRIGHT 


CORPORATION + CALDWELL, 
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Lightbrown, L. E., Design Group Engr. 
Lukas, Francis S., Buying Supervisor 
Nevitt, Charles E., Training Supervisor 
Nolan, James R., Sr. Design Engr. 
Ransom, Will A., Sr. Aircraft Des. Engr. 


Ritter, Arnold P., Sr. Aerodynamics Engr. 


Teague, Billie D., Industrial Relations 
Analyst 


Zebrowski, Walter J., Jr., 
Patrick AFB, Fla. 


General Rep. 


MacNabb, Byron G., Operations Mgr. — 


AFMTC 
Pomona, Calif. 
Chesus, Frank O., Sr. Engr. 
Gale, 
tative Staff Engr. 
Horne, Charles F., Division Mgr. 
Marcinek, Jack J., Thermo-Mechanics 
oup Superv. 
vaels, Walter C., Missile Test Engr. 
Pa‘ser, Richard S., Electronic Engr. 
Ro ertson, George M., Chief Engr. 
Sesbrook, Milton R., Missile Test Engr. 
Strang, William C., Service Engr. 


Mic 


John L., Advanced Terrier Adminis- 


Wenzel, Robert F., Sr. Thermodynamics 
ingr. 
Woods, Kenneth P., Design Engr. 
ELECTRIC COMPANY 
CHICAGO, ILL. 
Beene, James L. "on 


Carr, Lew J., Sales Engr. 
Hasselhorn, Walter C., President 
Mayes, Richard A., Ditrict Mgr. 
Sevel, Robert W., Mgr. 


COOK RESEARCH LABORATORIES, 
SKOKIE, ILL. 
Henricks, William, Sr. Engr. 
Kutrumanes, Constantine P., Jr. Engr. 
Turetzky, Arthur A., Sr. Project Engr. 


COOLING TOWER INST., 
PALO ALTO, CALIF. 

Willa, James Lee, Field Engr. 
CORNELL AERONAUTICAL LABORATORY, 


INC. 
BUFFALO, N. Y. 


Markstein, George H., Head, Combustion 


Section 
Rudinger, George, Principal Physicist 
Waterman, Neil J., Test. Engr. 
Zebrowski, Walter S., Operations Engr. 


CRAIG SYSTEMS, INC., 

LOS ANGELES, CALIF. 
Whittlesey, David W., Sales Engng. Mgr. 


CREOLE PETROLEUM CORP., 

LAGUNILLAS, VENEZUELA 
Barry, William V., Petroleum Engr. 
Croft, Jacob C., Jr., Sr. Mech. Engr. 


A 
CROSLEY RESEARCH LABORATORY, =! 
WALTHAM, MASS. 
Smilg, David, Designer 
CURRAN ENGNG. CO., 
LOS ANGELES, CALIF. 
Curran, Louis J., Owner & Chief Mech. 
Engr. 
CURTISS-WRIGHT CORP., 
WOOD RIDGE, N. J. 
Ackerman, Anthony T., Field Engr. Jr. 
Baum, Charles N., Jr. Test Engr. 
Cole, Melvin C., Assist. Proj. Engr. 
Diacators, Philip, Intermediate Test Engr. 
Gronich, Sigmund, Jr. Test Engr. 
Malgeri, Theodore J., Sr. Test Engr. 
McKee, O. Grady, Jr., Proj. Engr. ek 
Torstrup, Fred E., Test Engr. 
Caldwell, N. J. <7 


Bode, George F., Test. Supvr. 
Brady, George W., Dir. of Engng. 
Chillson, Charles W., Chief Research Engr. 


Corbett, Albert D., Jr., Asist. Proj. Engr. 

Dudley, B. W., Assist. Gen. Mgr. 

Germano, Joseph J., Engng. Rep. 

Herud, Frank R., Engr. 

Mallay, John P., Assist. Proj. Engr. 

Mergen, Joseph M., Chief Propeller Engr. 

Meyer, Marvin, Supervising Proj. Engr. 

O'Neill, Louis T., Sales Mgr.-Aeronautical 
Products 

Parilla, Arthur R., Engr. 

Sheets, Jack, Works Mgr. 

Warden, Harold H., General Sales Mgr. 

Wiener, Leonard S., Chief Rocket Design 
Engr. 

Clifton, N. J. 

DeZubay, Egon A., Combustion Sec. Head 

Schmitt, Heinz E., Div. Chief of the Eng. 
Division 

Wing, George Sherman, Proj. Engr. 


THE DAILY TELEGRAPH, 
LONDON, ENGLAND 


Bertin, Leonard, Reporter 


DALMO VICTOR CO., is 
SAN CARLOS, CALIF. 


Moseley, Tomlinison |., President 


DANIEL, MANN, JOHNSON & MENDENHALL, 
LOS ANGELES, CALIF. 
Doyle, Warren, Design Group Leader 
Johnson, S. Kenneth, Partner 
Kudroff, Marvin J., Associate & Chief 


Structural Engr. 

Sully, Robert J., Architect = 


DAYSTROM INSTRUMENT CORP., 
ARCHBALD, PA. 
Koorbanoff, Paul A., Proces Eng. 


DBM RESEARCH CORPORATION, 
COCOA BEACH, FLA. 


Mattox, Cliff E., President 


DE HAVILLAND ENGINE CO., LTD., 

EDGWARE, MIDDLESEX, ENGLAND 
Cleaver, Arthur V., Chief Engineer 
Bremner, Robert J., Design Draughtsman 


DESIGNERS FOR INDUSTRY, INC., 
PHILADELPHIA, PA. 


Skowron, Martin L., Designer 


DETROIT CONTROLS CORPORATION, 
REDWOOD CITY, CALIF. 
Barr, William J., Assist. Research Director 
DeMuth, Fred F., Group Leader, Applied 
Mechanics 
Heller, Kenneth G., Proj. Leader 


DEUTSCHES RAKETEN-UND RAUMFAHRT- 
MUSEUM, STUTTGART, 
WESTDEUTSCHLAND, GERMANY 


DOUGLAS AIRCARFT CO., 
SANTA MONICA, CALIF. 


Aurand, Henry S., Jr., Assist. Proj. Engr. 

Bertrando, Bertrand R., Group Leader, 
Missile Power Plants 

Brincka, Donald R., Power Plant Engr. 

Burton, Edward F., Chief Engr. 

Butler, George V., Staff Assist. 

Canright. Richard B., Missile Plant Engr. 

Chamberlin, Joseph ‘‘Jac” A., Designer 

Cole, Don E., Missile Engr. 

de Gennaro, T. R., Assoc. Engr. 

Dossinger, Donald A., Engr. Draftsman 

Dutton, Robert G., Process Engr. B 

Gooding, Jack D., Power Plant Engr. 

Hill, Bentley G., Chief, Missile Weight Sec. 

Holland, Kenneth Deleval, Jr., Mech. Engr. 

Huffman, Kenaz, Jr., Contract Admin. 

Hughes, James J., Missiles Power Plant 
Engr. 

Hunter, Maxwell W., Missiles Design Engr. 


Isbell, Everett C., Jr., Designer sy 

Johnson, Harold W., Gen. Fore. Mfg. 

Klemperer. Wolfgang B., Res. Engr. 

Lander, William K., Asoc. Engr. 

Luskin, Harold, Assist. Chief of 
Aerodynamics 

MacEwan, Robert G., Group Leader, Power 
Plant Design 

Mason, Richard L., Staff Engr. 

McCallum, Dougall, Engr. 

Miller, Ray A., Field Service Engr. 

Parker, Edward H., Assoc. Engr. 

Pinkel, George E., Assoc. Engr. 

Robinson, John O., Res. Engr. 

Rochlen, Ava Michael, Dir. Public Relations 

Scheele, Wesley W., Mech. Engr. 

Shogron, Ivar L., Power Plant Engr. 

Van Voorhees, Walter O., Missile Power 
Plant Design Engr. 

Vincent, Nathaniel R., Equipment Engr. 

Walton, A. Lee, Group Leader—Nike B 
Power Plant 

Weise, Carl A., Chief Power Plant Engr. 

Wheaton, Elmer P., Chief Proj. Engr. 

Young, Edward J., Chief, Missiles Records, 
Release & Reproduction Section 


Edwards, Calif. 
Long, Palmer L., Flight Test & Res. Engr. 


El Segundo, Calif. 
Breidenour, Robert C., Liaison Engr. 
Burwell, James J., Ultra Sonic Tech. 
Heinemann, Edward H., Chief Engr. 
Houghton, Charles P., Aircraft Designer 
Morris, Deane N., Design Specialist 
Smith, A. M. O., Supv. Design Research 


Huntsville, Ala. 
Andrews, Arthur R. R., Ord. Engr. 
Long Beach, Calif. 
Buckwalter, John C., Chief Engr. 
Martin, Charles P., Nuclear Group Engr. 
Wood, Carlos C., Chief Engr. 


Tulsa, Okla. 
Dunlap, D. E., Chief Engr. 7 


Waukegan, Ill. 
Boroviak, Leonard C., Missiles Service Rep. 


DOYLE, KITCHEN & McCORMICK, 
NEW YORK, N. L. 
Doyle, Harry B., Assist. Account Executive 


ALLEN B. DuMONT LABORATORIES, INC. 
CLIFTON, N. J. 
DuMont, Allen B., Chairman of the Board 
Talamini, Arthur, Jr., Engng. Mgr. 
Los Angeles, Calif. 
Christaldi, P. S. 
Kline, Melvin B., Mgr., Missile Engng. 
Robertson, Oran F., Section Mgr., Missile 
Engng. Dept. 
Paterson, N. J. 
Connor, Robert, Proj. Engr. 
Hudson, Kenneth, Section Head. 


DUNBAR-KAPPLE INC., 
BATAVIA, ILL. 
Glossa, Milton, Assist. to Chief Engr. 


B. DUNN & CO., 
NEWINGTON, CONN. 


Dunn, Benjamin, President 


E. |. DuPONT DE NEMOURS & CO., INC., 
WILMINGTON, DEL. 
Downs, Robert R., Engr. 
Rogers, John D., Jr., Petroleum Chem. Div. 
Van Kirk, Theodore J., Engr. 
EI Monte, Calif. 
Marcum, Elburn, West Coast Tech. Rep. 
Niagara Falls, N. Y. 
Gniewek, Thomas T., Jr. Engr. 
Penns Grove, N. J. 
Johnson, William G., Res. Chem. Engr. 


THE EADAR CO., 
VAN NUYS, CALIF. 
Luther, Kenneth R., President 
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Liquid Propellant Rockets 
Ramjets 
Pulsejets 
Turbojets 
Turboprops 


POWERING: 


Subsonic and Supersonic 
Piloted Aircraft 
Guided Missiles 
Helicopters 
Convertiplanes 
Thrust Augmenters 
Target Drones 


JATO 


Designers & Manufacturers 
of Fuel Injection Nozzles 


DELAVAN Mfg. Co. 
WEST DES MOINES, IOWA 


EAST COAST AERONAUTICS, INC., 
PELHAM MANOR, N. Y. 
Kass, George, Sr. Proj. Engr. 
Young, P. Robert, Chief Plastics Engr. 


EDITOR & PUBLISHER CO., 
NEW YORK, N. Y. 


Mcintyre, Robert B., Adv. News Editor 


EDUCATIONAL TESTING SERVICE, 
PRINCETON, N. J. 
Dean, E. Douglas M., Test Specialist, Proj. 
Director 


EGL! AND GOMPF, INC., 
BALTIMORE, MD. 
Barnes, Ellis H., Jr., Mech. Assoc. 
Murphy, Thomas V., Mech. Engr. 


ELECTRO-CHEMICAL PRODUCTS CO., 
GARDEN CITY, MICH. 
Beauchamp, Jack M., President 
Beauchamp, Frank W., Exec. Vice. Pres. 
Franklin, Wallace H., Staff Engr. 


Quantz, Chester C., Chief Eng. 
Spencer, George T., Sales Mgr. D 
Galitza, John P., President 


Maisak, B. Lawrence, Design Engr. 
Mills, Hugh A., Mech. Engr. 


ELECTROFILM, INC., 
HOLLYWOOD, CALIF. 

Van Phelan, Louis, General Mgr. + 7 
EMSCO MFG., CO., 
LOS ANGELES, CALIF. 


Fredhold, Allan B., Jr., Mgr., Commercial 
Development 


ENGINEERING ASSOCIATES, 
DAYTON, OHIO 
Littell, Charles C., Jr., President & Chief 
Engr. 


ENGINEERING SPECIALTIES, 
PHILADELPHIA, PA. 
Rugheimer, Arthur H., Jr., President & 
Gen. Mgr. 


ESSO RESEARCH & ENGINEERING CO., 
NEW YORK, N. Y. 
Sweeney, William J., Vice Pres. 7 
Linden, N. J. 
Crampton, Alton B., Sec. Head. 
Longwell, John P., Head, Process Research 
Sect. 
Rickles, Nathaniel H., Res. Engr. 
Tobias, George S., Sec. Head., Motor 
Lubricants and Wax 


ESTANCIAS LLOBET CULLEN, 
BUENOS AIRES, ARGENTINA 


Llobet, Andres Francisco, Engr. 


ETHYL CORPORATION, 
DETROIT, MICH. 


Sugimoto, Roy, Supvr., Process Devel. 


ETHYL RES. CORP. LABORATORIES, 
DETROIT, MICH. 


Thomas, Richard W. 


EXCELCO DEVELOPMENTS, INC. 

SILVER CREEK, N. Y. 
Arenson, Donald L., Director Research 
Brooks, Leroy A., Secretary & Treasurer 
Newman, A. J., Vice Pres. & Gen. Mgr. 


EXPERIMENT, INC. 

RICHMOND, VA. 
Calcote, Hartwell F., Vice President 
Erdman, Frank H., Vice President 
McMahill, Victor W., Jr., Contracts Mgr. 
Mullen, James W., II, President and Tech. 

Director 

Rathburn, Kenneth C., Res. Associate 
Wilkerson, Emery C., Sr. Scientist 
Wolf, Robert L., Vice President 
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Engineers Physicists | 


Both Defense and Industry 


Demand Specialists... 


And, — here in BURROUGHS three expanding economy . . . providing 
ultra-modern Research Laboratories, BOTH business and government with 

such men who are truly dedicated to the most efficient and effective elec- 

their profession are pursuing extensive tronic machinery ever devised by man. 

basic and applied research programs Included in the many areas of re- 

... developing new Computing, Infor- search and development now under 

mation Handling and Data Processing way are such well known governmental : 
equipment to keep pace with our ever- projects as — : 4 is 


IRBM- ICBM SAGE 


ib 3 We have proved our abilities to handle such tasks as well as many other far reaching 
assignments. Today’s demands for Engineers and Physicists are, therefore, based on 
a need to further supplement our efforts in these and allied fields. 


LOOKING TO FUTURE EXPANSION 


_ Burroughs invites inquiries from those qualified as: 


ELECTRICAL ENGINEERS + MECHANICAL ENGINEER 
ELECTROMECHANICAL ENGINEERS + PHYSICISTS 


; . in the following fields — Control Mechanisms, Guided Missiles, Solid 
Computers, Pulse Circuitry, Digital State Circuitry, Electronic Packaging, 
Computers, Optical Devices, High Speed Electrographic Recording Devices. 


Pictured at right 
is the Burroughs 
E101, a desk- 
size computer 
that’s as simple 
to operate as a 
conventional desk calcu- 
lator — yet performs the 
automatic operations of a 
large-scale computer. 


Send Complete Resume to 
M. E. JENKINS 

Placement Manager 

-“ For Interview 


CORPORATION 
The FOREMOST NAME RESEARCH CENTER BURROUGHS MEANS 


In Computation PAOLI, PA., NEAR HISTORIC VALLEY FORGE BUSINESS 
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MISSILE and HIGH-SPEED 
AIRCRAFT SPECIALTIE 


DU PONT ELECTRIC SQUIBS. Instantaneous squibs are used 
for the ignition of propellants in missiles and JATO units. 
Pressure-developing squibs provide a simple, compact source 
of controlled energy for use in jettisoning devices, escape 
units, drag-chute releases, etc. Delay squibs are available in a 
wide variety of short and long delay intervals. 


All Du Pont Electric Squibs are of the utmost reliability 
and uniformity of action. They are capable of functioning in 
wide extremes of pressure and temperature encountered in 
high-altitude applications. 


DU PONT ELECTRIC DETONATORS. Instantaneous and 
Delay Detonators are used to initiate “Primacord” or other 
high explosives. 


All Du Pont detonators and squibs are manufactured with 
rubber-plug closures and abrasion-resistant plastic insulation 
which are unaffected by extremes of temperature. They are 
available in regular, low or high firing current types. 


DU PONT HIGH-TEMPERATURE RIVETS. Du Pont Air- 
craft Expansion Rivets are designed to meet the severe 
strength and space requirements of missiles and high-speed 
aircraft. These heat-resistant fasteners retain high strength 
at elevated temperatures. A-286 Superalloy rivets are offered 
for use in temperatures up to 1400°F., and nickel rivets for 
use to 800°F. All Du Pont Aircraft Rivets are set from the 
head side only and never need after-finishing. 


DU PONT “PRIMACORD” MS DELAY CONNECTORS. 


Available for delaying detonation of ““Primacord”’. 


Du Pont has had years of experience in delivering ignition 
and detonation devices to the military. Many of these devices 
have been, and can be, designed for specific applications. For 
information on any of the above, write E. I. du Pont de 
Nemours & Co. (Inc.), Explosives Dept., Wilmington 98, Del. 


EXPORT-IMPORT BANK, 
WASHINGTON, D. C. 


Board of Directors 


FADA RADIO & ELECTRIC CO., INC., 
BELLEVILLE, N. J. 


Manager 


FAIRCHILD ENGINE & AIRPLANE CORP., 
HAGERSTOWN, MD. 
Bert, Charles W., Aero. Design Engr. 
Boutelle, Richard S., President 
Flood, Arthur F., Executive Vice President 
Lescher, George W., Chairman of Projec:s 
Evaluation Board 
Silver, Francis 5th, Weight Analyst 
Fairchild Engine Div. 
Chapline, George F., Vice President & 
Gen. Mgr. 
Ervin, Augustus L., Jr., Sales Engr. 
Graupe, Rudolf L., Chief Proj. Engr. 
Gregory, Alfred T., Chief Engr. 
Gross, Robert A., Res. Engr. 
Fairchild Guided Missiles Div. 
Harrison, Arthur E., Director of Engng. 
Speakman, Edwin A., Vice President ard 
General Manager 
Stratos Div. 
Boretz, Jonathan E., Sr. Proj. Engr. 
Kalikoff, Stanley, Assist Research Engr. 


FAIRFIELD SHIPBUILDING & ENG. CO., 
GLASGOW, SCOTLAND 
Beresford, Donald D. B., Mechanical Engr. 


FARNSWORTH ELECTRONICS CO., 

FT. WAYNE, IND. 

Brady, Franklyn H., Engineer-in-Charge 
Analog Computer Facility, Systems Pe 
Analysis & Design Section 7 

Day, Donald R., Lead Draftsman 

Kruse, Dr. Paul W., Physicist ] 

Stuart, Wiliam D., Antenna Engr. 

Vellequette, Murlin J., Assoc. Engr. 


F.A.V. DPTO. TECNICO, BOCA DE RIO, | 
VALENCIA, VENEZUELA, S.A. 


Marquez, Santos A., Ing. Jefe ? 
FEDERAL TELECOMMUNICATION 
LABORATORIES 
NUTLEY, N. J. = 


Bailey, Robert S., Assoc. Director 
Cookson, Albert E., Assoc. Lab. Director 
Levine, Arnold, Director, Guided Missile 

Laboratory 
Press, Martin, Sr. Proj. Engr. : 
Waer, Richard R., Executive Engr. 


ERNEST F. FETSKE & CO., 
ESSEX, CONN. 


Fetske, Ernest F., President 


FIRESTONE TIRE & RUBBER COMPANY, 

AKRON, OHIO 

Berus, Edward R., Physicist 

Davies, William O., Physicist 

Los Angeles, Calif. 

Bray, Richard A., Supervisor, Systems’ 
Group, Electronics Prod. Engng. Sec. 

Christensen, Niels G., System Analyst 

Clabby, John T., Sr. Engng. 

DesLaurier, Emile J., Field Serv. Engr. 

Ellis, Al, Prod. Electronic Engr. 

Fellion, Glenn R., Sr. Proj. Eng. Guided 
Missile Div. 

Gelo, Joseph W., Systems Electronic Engr. 

Gerkin, Donald E., Engr. 

Gibson, Hubert I., General Mgr. 

Hedberg, James H., Leader-Propusion Grp. 

Helfrich, James F., Sr. Electronics Engr. 

Hurst, William F., Electronic Engr. 

Kemper, Donald M., Electron Design 

Knight, Charles A., Proj. Engr., Structures 

Kuntz, Robert F., Factory Mgr. 


Sawyer, Roland, Special Advisor to the 


Mock, Wesley C., Jr., Chief Engr. & Works 
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Lee, David A., Design Engr. 

MacDonald, Frank W., Chief Engr. 

McCord, William M., Chief, Electronic Engr. 

McHugh, Walter M., Sr. Electronic Engr. 

Moore, Beal P., Guided Missile Div. 

Nathe, Robert U., Supervisor, Electronic 
Systems Section 

Rhode, C. W., Assist Supr., Production 
Electronics Engr. 

Robert, Lee Palmer, Sr. Draftsman 

Schwager, William P., Mgr. 

Stephens, Floyd R., Jr., Field Engr. 

Wiliams, Kirk, Field Engr. 


FISCHER AND PORTER CO., 

HATSORO, PENNA. 
Houpt, Frank P., Application Engr. 
Shapcott, Ralph L., Mgr., Flowmeter Div. 
S:ern, Robert K., Vice President 
Wapner, Joseph F., Chief Engr. 


FLE°TNER AIRCRAFT CORP., 

KEV. GARDENS, N. Y. 

yeratore, Eugene K., Assist. Director of 
Engng. 


FLICHT ENGINEERS’ INTERNATIONAL 
ASS’N., AFL-CIO, 
Kent, William D., President 


FLIGHT REFUELING, INCORPORATED, 
BALTIMORE, MD. 
Newhall, Charles W., Jr., President and 
Treasurer 


FLIGHT RESEARCH, INC. 
RICHMOND, VA. 


Curdts, William T., Ill, Vice President & 
Gen. Mgr. 


FOEER & ASSOCIATES, 
CHICAGO, ILL. 


Fober, Frederick C., 
Consultant 


FOGGING & DUSTING SERVICE, INC., _ 
UPPER MONTCLAIR, N. J. 


Industrial Training 


Cochran, Alexander M., President ae 


FOLEY BROS. DRY GOODS CC., 
HOUSTON, TEXAS 
Shiffick, William, Vice President, Opera- 
tions & Control. 


FOOD MACHINERY AND CHEMICAL CORP., 
SAN JOSE, CALIF. 


Hait, James M., Vice President; Manager 
of Ordnance Division 
Wilbur, Paul C., Dir. of Res. & Vice Pres. 


Becco Chemical Div. 
Bloom, Ralph, Jr., Proj. Supvr. 
Cox, George E., Proj. Engr. 
Davis, Noah S., Mgr. Special Projects 
Flach, Donald O., Project Engr. 
Gilbert, Frederick A., Assist. Division Mgr. 
Kauffmann, Hans O., Techinal Director 
Keefe, John H., Proj. Supv. 
Shanley, Edward S., Assist. Tech. Director 
Weinberg, Elliot K,. Project Engr. 

New York, N. Y. 
Prutton, Carl F., Vice President & Tech. 

Director 


Westvaco Chlor-Alkali Div. 
Rose, William B., Mgr., Research & Devel. 
Division 


FORD INSTRUMENT CO., DIV. OF 
SPERRY RAND CORP., 

LONG ISLAND CITY, N. Y. 
Brown, Lawrence S., Staff Proj. Engr. 
Garrett, Elmer E., Engng. Director for 

Ground Equipment 

Jahn, Raymond F., President & Gen. Mgr. 
McKenney, Henry, Chief Engr. 
Scheuer, Lewis J., Proj. Supervisor 
Slawson, Kenneth, Vice President 

Weber, William F., Mgr. 


THE 
BEASTS? 


Guided weapons systems and related 
equipment—these are our products. 
Creative engineering is our single most 
important ingredient. 


The scope of our missile work is ex- 
panding—day by day. Opportunities— 
and the professional growth of our en- 
gineers—have kept pace. Now there are 
a number of openings for engineers 
who can help to speed the newest mis- 
siles on their way—from concept to 
the field. 

Exciting engineering? Yes. Important 
work? Very. A rewarding career? Defi- 
nitely—rewarding in every sense of 
the word. 


Let us tell you about the Birds and the 
Beasts—Fairchild variety. Drop us a 
line or give us a call. 


ae 
FAIRCHILD 


GUIDED MISSILES DIVISION + WYANDANCH, LONG ISLAND, WY. 


A Division of Fairchild Engine and Airplane Corporation 


WHERE THE FUTURE is MEASURES IN YEARS! 
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FORD, MOTOR CO., 
DEARBORN, MICH. 
Craig, David J., Res. Engr. 
Egli, Adolf, Mgr., Basic Engng. Department 
Ference, Michael, Jr., Assoc. Director, 
Scientific Laboratory 
Frey, Donald N., Assoc. Director, Scientific 
Laboratory. 
Hill, Eugene F., Manager, Chemistry Dept. 
Krueger, Frederick G., Engr. 
Kucher, A. A., Director 
Chicago, Ill. 
Sawicki, Stephen M., “A” Process Engr. 
Smith, Sanford R., Engng. Reports & Com- 
puations Supervisor 
Vannelli, Renso John, Sr. Engr. 


FRANCISCO ENGINEERING CO., 
ALBUQUERQUE, N. M. 


Francisco, Edward E., Jr., President 


FRANKLIN INSTITUTE, 
PHILADELPHIA, PA. 
Levitt, |. M., Director, The Fels Planetarium 
Streeter, John W., Assist Director, Fels 
Planetarium 


FREBANK CO., 
GLENDALE, CALIF. 
White, Gene H., Vice President, Admin. 


THE FRYE CORPORATION, 
FT. WORTH, TEXAS 
Snowden, Earl, Stress Analyst 


FUJI PRECISION MACHINERY CO., LTD., 
TOKYO, JAPAN 
Nakagawa, Ryoichi, 
Engng. 


Director and Mgr., 


FUTURECRAFT CORPORATION, 
EL MONTE, CALIF. 
Burke, Robert W., Engr. 
Chilcoast, Murray M., Design Engr. 
Koutnik, Rod, Engr. 
Piet, Meyer, President 


G. W. GALLOWAY CO., 
ARCADIA, CALIF. 
Galloway, George W., President 


JAMES C. GALLOWAY 
LOS ANGELES, CALIF. 


& COMPANY 


Galloway, James C., Owner © ¥ 
Harbison, Joseph W., Sales © 
GARRETT CORPORATION, 
LOS ANGELES, CALIF. 
Aero Engineering Co., 
Baltimore, Md. 


Crotty, Walter J., Jr., Engr. 


Mineola, N. Y. 


Aderton, Thomas R., Installation Engr. 


AiResearch Aviation Service Ce., 

Los Angeles, Calif. 
Drexel, Charles F., Proj. Engr. 
Dutton, Roy A., Staff Assist. to Exec. V. P. 
Oldaker, Carl R., Field Service Engr. 
Phelan, Arthur J., Assist. to V. P. in Charge 

of Engng. 

Ramsaur, Walter R.. Vice Pres.ident 
Sergeyevsky, Andrey B., Stress Engr. 


Wimpress, Donald S., Devel. Engr. 
Phoenix, Ariz. 
King, Leighton S., Chief eee Des. 
Engr. 


GAZDA ENGINEERING, 
CRANSTON, 
Gazda, Antoine, President 


GELB ENGINEERING CO., 
BUFFALO, N. Y. 


Gelb, John, Owner 


GENERAL ASTRONAUTICS CORPORATION, 

OYSTER BAY, N. Y. 
Canney, Heyward E, Jr., 
Ordway, Frederick |., 


President 


ill, Exec. Vice Pres. 


ABOVE: A Redstone Ballistic Missile 
being lifted into position for test. 


RIGHT: 
FICo engineer checking accuracy of 
power supply unit under simulated load 
conditions in a project for the Army 
Ballistic Missile Agency program at 
Redstone Arsenal. 


DIVISION OF SPERRY 


INSTRUMENT COMPANY 


31-10 Thomson Ave., Long Island City 1, N. Y. 


| 


MISSILE 
GUIDANCE 
IS OUR 
BUSINESS 


Typical of Ford Instrument Compan,’ 
is its work in conjunction with the 
Army Ballistic Missile Agency on the 
guidance for the Redstone Missile aiid 
the more advanced Jupiter Missile. 
FICo manufactures the guidance 
system for the Redstone Missile, and 
is working closely with ABMA on 
research, development and design of 
more advanced systems. 
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ENGINEERS: 


Investigate opportunities for 
employment with a well-established, 
expanding company. We are now 
working in research, development, 
design and production of the most 
advanced of missile systems. Write for 
more information—or send your resume 
(which will be held confidential) to 

A. Schwab, FICo Missile Development 
Division Personnel Manager. 
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FOR TODAY’S PROJECTS — TOMORROW'S PLANS 
d HIG-3 MODEL 2 GYRO PRESSURE SENSING DEVICES 
The smallest integrating Gyre available to meet the Used for the measurement of absolute, differential and 4 
exacting requirements of Ties ‘alls systems. This viscous gage pressures. Accuracies within + 2% or better 
damped, single degree of freedom Gyroscope has a throughout entire operating range. 
drift rate of .005 milliradians/second. : 
HIG-4 MODEL 2 GYRO FREE, RATE, DIRECTIONAL 
Greater accuracy, includ- AND VERTICAL GYROS 
ing low drift rate, is a For telemetering, missile guid- 
feature of this HIG-4 ance, inertial guidance and 
Gyro, now being used for navigation. Whatever your 
missile guidance and fire gyroscope requirements, 
control systems. The Greenleaf has the accurate. 
design and development economical answer. 
of this Gyro have 
ong been completed and 
itis now a productionitem. = 
ACCELEROMETERS 
- The Greenleaf line in- All these, and other Greenleaf products, may 
cludes linear, angular and readily be modified in many respects to meet 
Accuracy is within + 2% your individual requirements. 
or better throughout the 
entire operating range. Complete specifications and technical Bulletins 
Military environmental will be sent immediately upon request. Write, 
conditions were considered 
in the design of these units wire or *phone today. 
in order to comply with 
the reliability concept. i 


GRE-55R 


eenleaf MANUFACTURING COMPANY 


7814 Maplewood Industrial Court + St. Louis 17, Mo. 
a we, Producers of the HIG-3 and HIG-4 Gyros, Rate and Free Gyros 
: Differential Pressure Mach Meters, Air Speed Indicators, 
= Computers, Switches and other precision-built components. 


ENGINEERS WANTED 
Greenleaf offers 
opportunities for 
mechanical and electrical 


engineers. 
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GENERAL BLOWER CO., 
MORTON GROVE, ILL. 


Williamson, C. Glen, Executive Vice Pres. 


GENERAL ELECTRIC CO., 
SCHENECTADY, N. Y. 
Adamson, Arthur P., Mgr. Advanced Engng. 
Bowman, Kenneth K., Engr., Atomic Power 
Study 
_Buchhold, Theodor, Consulting Engr. 
Cockrell, William D., Control Elec. 


Cowles, Logen B., Mgr., 
Auxiliaries Engr. 

j Crawford, Samuel W., Requisitions Eng 

ae Duryea, John B., Development Engr. 

‘ et Eckert, Fayette, Test Man 

Flamm, Henry F., Engr. 

Giragosian, Pakrad Antar, 

dynamisist 

Richard G., Engr. 
Green, Charles F., Mgr., Advance Devel. 

Robert P., Flight Test Planning 

Engr. 

Hoffman, Joseph C., Mgr., Product inform. 

Hull, Edwin H., Res. Associate. 

_ Lantz, Edward A., Engr. 

Linnell, Richard D., Functional Engr. 

MacLeod, John H., Supervisor, Tech. Per- 
sonnell Dev. & Placement 

___ Mattison, Keith W., Proj. Planning Engr. 

_ Moore, George E., Res. Associate 

By. _ Mullen, Donald E., Sales Engr. 

R. Hosmer, Consulting Engr. 

Ogie, Hugh Malcolm, Mgr.-Control Systems 

Engng. 


r. 


Aero-Thermo- 


Orsino, Anthony, Engr. 
“i _ Petty, Thomas M., Jr., Mgr., Equipment 
Engng. 
Rieger, George F., Engr., Guided Missiles 
Dept. 


Ruggiero, Daniel J., Technical Specialist 
Schmidt. E., Consultant 
Schreib, Rolland R., Jr. 


Swartz, Theodore C., General Elec. Res. 
Lab. 
Warren, Walter R., Engr., Advanced Aero- 


Thermodynamics Experimentation 
Weinstein, Jack J., Aerodynamics Perform- 
ance Engr. 
Anchorage, Alaska 
George, Ralph C., Alaska Regional Supvr. 
Baliston Spa, N. Y. 
Berman, Kurt, Act. Supervisor-Combustion 
Devel. Unit-Advanced Engng. 
Brown, Albert B., Supvr. of Facilities 
Finger, Elmer I., Test Supvr. 
Halladay, John W., Engr. 
Kleczek, Walter S., Supvr.—X-405, Devel. 


Unit 

Neuffer, Bruce H., Supvr.-Preliminary De- 
sign Unit 

Schultz, Frederick E., Supervisor Compo- 


nent Develop. 
Teague, Thomas S., Mgr., Malta Operations 


Walker, Frank J., Engr., Thrust Chamber 
Injectors 
Burlington, Vt. 
Ashley, Eugene, Prod. Design Engr. 
Chicago, 


Coleman, Henry B., Mgr. 
Cincinnati, Ohio 

Babington, Emerson Lee, Tech. & Cutter 
Grinder 

Beverage, Allan D., Rocket Engine Planning 
Engr. 

Blevins, Kenneth L., Devel. Eng. Prod. 

Botje, Jacobus M., Proj. Engr. 

Brown, David M., Mgr. 

Brown, Fred |., Jr., Mgr., Rocket Eng. Sales 

Cheney, Samuel H., Jr., Engr. 

Cochran, David, Gen. Mgr. 

Cohen, Herbert L., Engr. 

Cole, Ray, Lab. Assist. 

Cooley, William C., Prin. Engr. 

Danforth, Clarence E., Stress-Vibration 
Consulting Engr. 


Delson, Erwin B., Proj. Engr. ss 
Dennis, Bernard K., Presentation Specialist 
Dickerson, Melvin R., Technical Writer 
Dowell, Millard F., Fluid Dynamics Engr. 
Emmons, George S., Supvr., X-405 Engng. 
Exselsen, Carl H., Tech. Eng. (Design) 
Gorse, Norville J., Technical Engr. 
Grosch, Herbert R. J., Mgr., Investigations 
Section 
Hacker, David S., Thermal Kneticist 
Heismann, James A., Engng. Assist. 
Kappus, Peter G., Mgr., New Product | 
Planning 
Lonon, David N., Ill, Engr. 
Lype, Eric F., Thermodynamicist 
Macpherson, George L., Engr. 
Marino, Vincent P., Lab. Tech. 
Meloy, Thomas Phillips, Specialist, Water 
Injection 
Michaelson, Louis, Mgr., Rocket Engine 
Section 
Mueller, Donald 
Nelson, John R., Program Eng. 
Olson, Robert K., Placement Specialist 
Pietsch, Anthony, Tech. Engr. 
Reece, Judson B., Instrument Tech. 
Schapker, Richard L., Design Engr. 
Schnoor, Fred W., Engng. Assist. 
Shaw, John R., Engr. 
Sheldon, Zachary D., Propellants Research 
Specialist 
Shufelt, Charles E., Tech. Engr. 
Stewart, Richard P., Supervisor 
Stockwell, Richard E., Tech. Communica- 
tions Specialist 
Suciu, Spiridon N., Mgr., App. Res. Dept. 
Summers, Charles S., Engr. 
Szekely, Thomas, Engr. (Nuclear) 
Tait, Robert, Engr. 
Taylor, Ralph Wayne, Engng. Assist. 
Thomas, Nicholas T., Engr. 
Thomson, Wallace B., Design Analyst 
Travers, William R., Mgr. of Marketing 
Trupin, Carol Ann, Engng. Assist. 
Wagner, Charles E., Photographer 
Weber, Harold M., Jr., Supervisor 
Weisberger, Harold, Technical Engr. 
Welch, William W., Eng. 
Whitehead, Robert F., Tech. Engr. 
Williamson, Robert C., Devel. Engr. 
Worsham, James E., Devel. Engr. 
Wrede, Don E., Quality Assurance inspector 
Wright, John B., Test Design Engr. 
Zubko, Leonard M., Mgr. 
Dallas, Texas 
Bingham, James J., Mgr., 
Dayton, Ohio 
McTigue, George J., Mgr., Aircraft Engine 
Sales 
idaho Falls, Idaho 
Crocker, Albert R., Mgr., Test Operations 
Orillion, Alfred G., Tech. Engr. 
Ithaca, N. Y. 
Youtcheff, John Sheldon, Physicist 
Johnson City, N. Y. 
Bouey, Ernest A., Engr. 
Los Angeles, Calif. 
Heldack, John M., Mar., 
Weapons Systems 
Lynn, Mass. 
Michel, Leopold R., Mgr., 
tives & Advance Engng. 
Minichello, Raymond 
Richter, Ralph P., Tech. Prod. Dept. Mfng., 
Trainee 
Smith, Chester W., Tech. Adviser, Aircraft 
Gas Turbine Div. 
Middletown, Ohio 
White, Warren A., Technical Representative 


Aircraft Engines 7 


Aircraft and 


Project Objec- 


Newark, N. J. 
Jansson, John H., Turbine Installation 
Supvr. 


New York, N. Y. 
Duff, Richard A., Consultant, 
Research & Synthesy 
LaPierre, Cramer W., Vice Pres., Electronic, 
Atomic & Defense Systems Group 
Porter, Richard W., Consultant, Engng. Ser. 


Operations 


Peebles, Ohio 
White, Leo D., Mer., 
Philadelphia, Pa. 
Cooper, Frederic M., Prop. Engr. 
Kennett, Howard W., Product Information 
Specialist 
Pittsfield, Mass. 
Bujac, James N., Jr., Mech. Desigr 
Seattle, Wash. 
Brown, Keith R., Engr. 
Syracuse, N. Y. 
Hom, Stephen, Field Engr. 
Mangum, Buford A., Advertising & Sales 
Promotion 
Utica, N. Y. 
Grisetti, Robert S., Supervisor 
Macdonald, Virginia, Engng. Assist 


Proving Ground 


Engr. 


F roduct 


Meyn, Frederick W., Supervisor, 
Design 
Wolfe, Gibson M., Systems Engr. 
Washington, D. C. 
Fridell, Roland, Aircraft Eng. Speci+'ist 
Hansell, Haywood S., Sr. Consultan 


Donald, R. Rodgers, Sales Engr. 
Waynesboro, Va. 

Duncan, Phillip L., Product Planning 

Specialist 

Wichita, Kansas 

Ward, George H., Specialist, Aircraft: Eng. 
GENERAL MILLS, INC., 
MINNEAPOLIS, MINN. 
Baller, Howard, Mgr. 
Barkiey, John E., Mgr. 
Buffington, John W., Res. Engr. 
Geick, George H., Assist. Mgr., 

Dept. 
Kober, Carl L., Mgr., Systems Dept. 
Wehner, Gottfried K., Physicist 


Systems 


GENERAL MOTORS CORPORATION, 
DETROIT, MICH. 
A-C Spark Plug Div. 

Howard, John R., Special Assignment Engr. 


Schlager, Kenneth J., Proj. Engr. 
Allison Div. 
Aspinwall, Robert H., Sr. Proj. Engr. 


Gerdan, Dimitrius, Director of Engng. 

Hall, Russell S., Section Chief, Preliminary 
Design & Development 

Heaton, Thomas R., Sr. Proj. Engr. 

Knott, James E., Assist. Mgr., Aircraft 
Sales & Contracts 

McDowall, Charles J., Chief Engr., Advance 
Design and Development 

Schumann, William A., Field Engr. 


Wheatley, John B., Assist. Chem. Engr. 


THE GENERAL TIRE & RUBBER CO., 


AKRON, OHIO 
Antonio, Adolph L., Gen. Mgr. 


Bolster, Calvin M., Co-ordinator of Devel. 

Moore, Robert E., Draftsman 

O'Neill, W., President and Chairman of the 
Board 

Pfeiffer, Paul O., Mgr. 

Washington, D. C. 

Fiala, William A., Washington Rep. 

Tharp, Thomas A., Washington Rep. 


GENISCO, INC. 


GEO-SCIENCE, INC., 


LOS ANGELES, CALIF. 
Brown, Ralph E., Chem. Engr. 
Tikanen, William A., Instrument Engr. 
ALAMOGORDO, N. M. 

Jones, June G., Res. Physicist 
G. M. GIANNINI & CO., 


Barton, William A., Director, Sales & 
Contracts 
Burkhart, Ernie C., President 
Custer, Randall M., Prod. Mgr. 
PASADENA, CALIF. 
Gero, Doane R., Vice Pres., Airborne Oper. 
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Giannini, Gabriel M., President 


Oman, William S., Director of Sales 
Gilliland, William L., President ora 


Gilpin, Robert D., President 


GLAR-BAN CORP., 
BUFFALO, N. Y. 


Hill, Robert B., President 
Roggan, Francis J., Engng., Vice President 


B. F. GOODRICH CHEMICAL CO., 
CLEVELAND, OHIO 

Alexander, Claude H., Mgr. Product Devel. 
Coordinator-Defense 


Miller 


c 


Ernest J., 
itracts 


Avon “ake, Ohio 
Waucaman, Charles A., Development Engr. 


THE &. F. GOODRICH COMPANY, 
WASH: NGTON, D. C. 
Ma: hall, Fred T., Director, 
R. jations 


Federal Govt. 


GOOD ‘EAR AIRCRAFT CORPORATION, 
AKRON, OHIO 
Cou's, Robert J., Mgr., Design Engr. 
Felischer, John C., Section Head, Rocket 
Prop. Engr. 
Gav! Edward R., Missile Guidance Consult. 
Hardie, James E., Specifications Group 
Lcader 
Hilt=, William F., Electronic Eng. 
Hin's, William L., Sr. Development Engr. 


Hofiman, Thelma, Design Checking 

Knight, Richard E., Head, Aerodynamics 
Section 

Miller, James H., Engr. Specialist, Aero- 
pliysics Dept. 


Minor, Howard G., Engr. 

Peters, Wesley H., Aerophysics Dept. 

Romick, Darrell C., Staff Engr., YTM-61B 

Project 

Scott, Charles N., Development Engr. 

Smith, Boyd L., Sr. Designer-Structures 

Straw, Clayton L., Weight Engr. 

Toman, William, Development Engr. 

Wiant, Wayne E., Missile Specifications 

Engr. 

Yanculeff, Cornelia, Artist-Cartographer 

Zipkin, Morris A., Chief Thermodynamicist 
Holloman AFB, N. M. ia 

Tubridy, Edward H., Electronic Engr. 

GOODYEAR TIRE & RUBBER CO., 
AKRON, OHIO 

Conger, Marvin T., Research Chem. Engr. 

Osterhof, H. Judson, Dir. of Research 

Wilson, Warren K., Research Chemist 


GORDON ENTERPRISES, 


NO. HOLLYWOOD, CALIF. 


Gordon, Alan, Owner pe - 
GORN ELECTRIC CO., INC., 


STAMFORD, CONN. 


Morgan, A. Henry, Gen. 


GRAND CENTRAL AIRCRAFT CO., 
GLENDALE, CALIF. 
Moseley, Corlis C., Pres. & Chairman of 
Board 


GRAND CENTRAL ROCKET CO., 

REDLANDS, CALIF. 
Ahern, Robert E., Sr. Proj. Engr. 
Bartley, Charles E., President 
Batchelder, George W., Prin. Chemist 
Elder, John Kendall, Proj. Chemist 
Schaafsma, William, Chief Engr. 
Settlemire, Larry, Production Mgr. 
Stickney, Herbert H., Director of Admin. 
Thackwell, Henry L., Assist. President 


Waxman, Stanley, Director of ‘Res. and 
Development 
Weitzel, Winfield, Tech. Rep. 


GRANT ADVERTISING 
NEW YORK, N. Y. Vay 
Johnston, Thomas E., PR Account Exec. 


THE GRATIOT ENGINEERING COMPANY, 
WOODSTOCK, VERMONT 
Gratiot, John P. 


GRAY RESEARCH & DEVELOPMENT CO., INC. 
MANCHESTER, CONN. 
Hayes, Chester B., General Sales Mgr. 


GREAT LONDON RUBBER COMPANY, 
ENGLAND 
Ross, T. Melville 


THE GREENLEAF MANUFACTURING CO., 
ST. LOUIS, MO. 
Boman, William T., Development Engr. 
Gahn, Edwin H., Operations Mgr. 
Greenblatt, Louis W., President 
Volk, Joseph A., Director of Research 
Zak, Stanley J., Engng. Mgr. 


= 
GROVE CONTROLS, INC., 
LOS ANGELES, CALIF. _ 


Stephens, Arnold H., Application Engr. 


GROVE VALVE & REGULATOR CO., 
OAKLAND, CALIF. 
Bryant, Austin U., Chief Engr. >. 
GRUMMAN AIRCRAFT ENGINEERING 
CORPORATION 
BETHPAGE, N. Y. 
Bauman, Robert P., Eng. Dept. > 
Converse, Courtland B., Aero-Hydro- 
dynamicist 
Gayne, William J., Design Trainee 
Smedfjeld, John B., Flutter and Vibration 
Engr. 
Viemeister, Peter E., Prelim. Design Engr. 
HALEY, DOTY & WOLLENBERG, 


WASHINGTON, D. C. 
Bader, Michael H., Attorney 
Haley, Andrew G., Attorney-at-Law 
White, Ethna A., Secretary and Office Mgr. 


HANLON & WILSON CO., > 
PITTSBURGH, PA. 
Wilson, John R., President 7 


HARVEY MACHINE COMPANY, 
TORRANCE, CALIF. 


Anderson, Paul E., Chief Engr., Res. & 
Devel. Dept. 

Evans, Paul I., Proj. Engr., Ord. Res. & 
Devel. 

Thomas, Harold E., Engr. 

Owens, Ralph 


Los Angeles, Calif. 
Harvey, Herbert, Vice President 
Harvey, Homer M., President 


HASKEL ENGINEERING & SUPPLY CO., 

GLENDALE, CALIF. 
Hayman, Richard L., President 
Driskel, Don W., Partner 


HAYES AIRCRAFT CORP., 
BIRMINGHAM, ALA. 


Weir, John L., Assist. Group Engr. 


HAYNES STELLITE CO., 

KOKOMO, IND. 
Badger, F. Sidney, Jr., Vice President 
Chisholm, Charles G., Mgr. Sales Devel. 


_ Los Angeles, Calif. 


Boericke, Frederic S., District Sales Mgr. 
Calhoun, William D., Sales Engr. 
New York, N. Y. 
Harris, Albert Victor, Eastern Sales Mgr. 
HEINTZ MFG. CO., 
PHILADELPHIA, PA. 
Bernstein, Abe, Director, Rocket Launcher 
Devel. 
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HENRY PRODUCTS COMPANY, a Me 


BROOKLYN, N. Y. 


Levenson, Robert S., Mech. Engr. 


HERCULES POWDER COMPANY, 
WILMINGTON, DEL. 

Bonner, Lyman G., Mgr. 

Hakenjos, Fred M., Mgr., Smokeless Powder _ 

Sales 

Cumberland, Md. 

McKinney, C. Dana, Jr., Technical Director 
Kenvil, N. J. 

Giacco, Alexander F., Tech. Supt. 
Radford, Va. 

Main, John H., Tech. Director 


HERRING-HALL-MARVIN SAFE CO., 
HAMILTON, OHIO 


Holbrock, Edward F., Jr. Engr. 
HETT ASSOCIATES, INC., 
ENGLEWOOD, N. J. 

Hett, John H., President 
HETTLEMAN CORP., 

NEW YORK CITY 
Scheinman, Robert L., President 


HEWITT-ROBINS, INC., 
STAMFORD, CONN. 


Sarbach, Donald V., Director of Research 


HIGH VOLTAGE ENGINEERING CORP., 
CAMBRIDGE, MASS. 


Gale, Alfred J. 
WILLIAM E. HILL & CO., INC., 
NEW YORK, N. Y. 
Tuckerman, Maj. Gen. Alfred G., Assoc. 
Engr. 


HILLER HELICOPTERS, 
PALO ALTO, CALIF. 


Messinger, Carl W., Jr., Project Engr. 


CHARLES E. HIRES CO., 
SEATTLE, WASH. 


Binet, Ludger J., General Mgr. 


R. W. HODGSON CO., 
LOS ANGELES, CALIF. 


Hodgson, R. W., Director of Res. & Devel. 


HOFFMAN LABORATORIES, INC., 

LOS ANGELES, CALIF. 
Bush, William R., Assist. Gen. Sales Mgr. 
Clark, Thomas C., Chief of Tech. Planning 
Downes, Lloyd C., Head Res. Dept. 
Moss, John B., President 
Wasmansdorff, C., Vice Pres., Engng. 


HORNING-COOPER, INC., 
MONROVIA, CALIF. i 


Zimney, Charles M., Chief Engr. 


HOTPOINT COMPANY, 
CHICAGO, ILL. 


Mahoney, Edward A. 


De 


W. T. HOWALD MACHINE WORKS, 
BROOKLYN, N. Y. 


Yih, Wei Hung, Mech. Engng. Designer 


HUGHES AIRCRAFT COMPANY, 
CULVER CITY, CALIF. 
Anderson, Aubrey M., Technical Staff 
Anderson, Elmer C., General Supvr., Air- 
craft Mfgng. Div. 
Bariffi, Herbert F., Technical Staff 
Bassett, Denison S., Operations Sec. Head 
Beebe, Murray C., Head, Propulsion Dept. 
Broughton, S. A., Technical Staff 
Byron, Thomas J., USAF Assist Gen. Supvr. 
Carvey, Tom B., Assist. Head, Propulsion 
Dept. 
Drebinger, .lohn W., Member, Tech. Staff 
Ellmore, Lewis F., Member of Tech. Staff 
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Flaherty, William J., Technical Staff 

Ghastin, Robert W., Member Tech. Staff 

Heacock, Robert H., Engr. 

Heimiller, Robert, Member Tech. Staff 

Hendren, Eugene E., Member Tech. Staff 

Hess, Frederick W., Director of Customer 
Relations 

Jazwiec, Earl A. 

Jones, Robert W., Technical Staff 

Kaplan, Maxwell H., Technical Staff 
(Metallurgy) 

Lewis, Albert C., Military Sales Rep. 

Maucieri, John J. 

Mahaffy. Dwight A., Research Engr. 

McClintock, Darwin G., Research Engr. 

Pegg, William J., Engng. Coordinator 

Pieroni, Verdy J., Jr., Technical Staff 

Preece, Raymond G., Tech. Liaison Engr. 

Reich, Herbert, Technical Staff 

Remy, Richard T., Technical Staff, Radar 
R&D Div. 

Roney, Robert K., Head of Dept. 

Sears, Robert E., Assist. Head, Prop. Dept. 

Shapero, Albert, Research Engr. 

Stevens, Phillip J., Technical Staff 

Stoolman, Leo, Head, Aerodynamics Dept. 

Teichmann, Caroline Swift, Technical Staff 

Tocco, Anthony R., Member Tech. Staff 

Wangsgard, Alton P., Project Mgr. 

Los Angeles, Calif. 

Burnell, Edwin J., Head, Engr. Services 

Section 
Tucson, Ariz. 

Barringer, Elmer E., Electronic Engr. 

Bellis, Howard E., Tool Engr. 

Delamater, Edward J., Manufacturing Ergr. 

Green, Charles J., Estimating Engr. 

Lim, David P. 

Hacker, George T., Proj. Test Engr. 

Phillips, Robert F., Inspector Bearings 

Shuman, Robert M., Sr. Project Test Engr. 

Singer, Joel |., Precision Asembler 

Tannous, Philip, Jr., Quality Test Planning 
Engr. 


Wade, Sydney L., Foreman 
Walton, Lynn H., Technical Staff Bi 


HYCON MFG. COMPANY, 
PASADENA, CALIF. ae 
Acker, Alden E., President 


Washington, D. C. 
Brennan, Daniel C., Washington Rep. 


HY-GRADE PAPER CO., 
BUFFALO, N. Y. 

Kareff, Joseph D., Bookkeeper < 
ILLINOIS TOOL WORKS, 
ELGIN, ILL. 

Rosenberger, Paul E., Electroplater 
INDIALANTIC HOTEL CORP., 
MELBOURNE, FLA. 

Doherty, Thomas J., President-Director 


INDUSTRIAL ENG. RES., 
FT. WORTH, TEXAS 


Nordyke, S. E., Project Engr. 


INDUSTRIAL PRODUCTS ENGNG. Co., 
LONG ISLAND CITY, N. Y. 


Somers, John C., President 


INSTITUTE OF AMERICAN INVENTORS, 
WASHINGTON, D. C. Pad 


Mann, Clarence H., Secretary 
INSTITUTE OF THE AERONAUTICAL 
SCIENCES, INC., 


NEW YORK, N. Y. 
Johnston, S. Paul, Director 

INTERNATIONAL BUSINESS MACHINES 

CORP., 


NEW YORK, N. Y. 
Rossoni, Giampiero, Instructor IBM Elec- 


Alamogordo, N. M. 

Pierce, Geo. E., Engr.-in-Charge 
Cambridge, Mass. 

Hunter, G. Truman 
Philadelphia, Pa. 

Mondrosch, John A., Customer Engr. 
Poughkeepsie, N. Y. 


INTERNATIONAL ENGINEERING CO., INC. 


SAN FRANCISCO, CALIF. 
Hewitt, Harvey G., Civil Engr. 


INTERNATIONAL HARVESTER, 
FT. WAYNE, IND. 


Spahr, David P., Laboratory Tech. 
INTERNATIONAL MAP CO., 
NEW YORK, N. Y. 

Wells, William D., Vice President 
INTERNATIONAL TELECOMMUNICATION 


UNION, 
GENEVA, SWITZERLAND 


Gross, Gerald C., Captain USNR 
INTERSTATE ENGNG. CORP., 

EL SEGUNDO, CALIF. 

Birrer, Lloyd G., Project Engr. 

IRON FIREMAN MANUFACTURING CO., 
PORTLAND, ORE. 

Breese, Vance, Director Gyro Program 
IRVING AIR CHUTE CO., INC., 
LEXINGTON, KY. 

Irvin, Leslie L., President 
JACKSON CHINA CCO., 

FALLS CREEK, PENN. 

Allen, Robert W., Design Ener. 
JOHNSEN DESIGN SERVICE, 
W. ORANGE, N. J. 

Johnsen, Kenneth, Mech. Designer 


JOHNS-MANVILLE CORP., 
NEW YORK, N. Y. 


Briggs, Edward F., Mer. 
Hinmon, Don L., Vice Pres. & Gen. Mgr. 


CORYDON M. JOHNSON CO., INC. > 
BETHPAGE, L. I. 
Johnson, Corydon M., President 
Short, Leslie B., Technical Acct. Executive 


JOHNSON & JOHNSON, 
NEW BRUNSWICK, N. J. 


De Ford, Harold L., Chem. Engr. 


HERRICK L. JOHNSTON, INC. 
COLUMBUS, OHIO 
Johnston, Herrick L., President 
May, Claude H., Project Ener. 


KAISER METAL PRODUCTS, INC. 
BRISTOL, PA. 
Cudhea, George G., Assist. Megr., Fleet- 
wings Div. 


Northrup, Arvin, Military Sales Rep. 

Ogden, Albert S., Chief Engr. 

Rigney, Henry J., Aircraft Quality Inspector 
Leadman 


KAMAN AIRCRAFT CORP., 
BLOOMFIELD, CONN. 


Marchese, Joseph H., Electronic Engr. 

Miaie, Charles V., Aerodynamicist 

Mitton, Robert L., Test & Devel., Engr. 

Nessen, John W., Assist. Supervisor, 
Publications 

Stevens, Martin L., Chief of Prelim. Design 


KEARFOTT CO., INC., 
LITTLE FALLS, N. J. : 
Collen, Edwin G., Project Engr. 
Osladil, Stanley, Project Engr. 


KELLETT AIRCRAFT CORP., 
CAMDEN, N. J. 


Pruyn, Richard R., Aerodynamicist 


M. W. KELLOGG CO., 
JERSEY CITY, N. J. 


Barzelay, Arthur R., Div. Engr. 


Short, William P. Sanat McKiernan, James D., Project Engr. 


_ Miller, K. Dexter, Jr., Division Engr. 
_ Peterson, Howard S., Division Engr., Design 
Rocket Design Division 
Taylor, John S., Mgr. of Rocket Sales 
Walsh, Frank Van Wormer, Sr. Proj. Engr. 
Withey, James T., Project Engr. 
New York, N. Y. 
Yachter, M., Sr. Engr., Devel. Div. 


KELSEY-HAYES WHEEL CO., 
DETROIT, MICH. 
Taylor, Leslie G., Dir. of Defense Sal-s 
Jackson, Mich. 
MacGregor, Ross R., Chief, Aircraft Pro- 
cess Engr. 
Los Angeles, Calif. 
Hoffman, Frank E., Mgr., West Coas? Air. 
craft Sales & Engng. 
Springfield, Ohio 
Meredith, Charles Palmer, Vice President 
and Gen. Mer. 
Alexander, William R., Director of Engng. 


KETT CORP., 
CINCINNATI, OHIO 
Scott, Judson F., Chief Proj. Engr. 
WALTER KIDDE & CO., INC., 
BELLEVILLE, N. J. 
Masnik, Walter, Project Engr. 
KIDDIE PRECISION TOOL CORPORATION, 
ROSELAND, N. J. 
Moliek, Joseph W., Vice President, Mgr., 
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oe Make Naval History 


Terrier-Armed Cruiser to Defend 
Navy’s Atlantic Fleet Task Forces 


By Davip A.A 


MISSILE Division 
The powerplant, a sustainer rocket built 
W. Kellogg Cos occupies the bay 


NDERTON 


1955.-— 


Hes 
a Aviation Week, November 7; 
. Operational integration of the Navy’s first by the M. 
guided missile cruiser—the 5S, oe between the wings and the tail. The aft 
st (CAG-1)—will begin early next year when idance section mounts the fins, antennas 
3 the converted ship he Atlantic Fleet. and related avionic geat- 
si : The Boston is armee wo twin launch- Convair produ h guidance sections, 
ent & ers firing the supersonic Convair Terrier anti- the spines onnecting those sections, and al 
eng, ; aircraft missile: t operations with, the the aerodynamic surfaces: 
" Terrier follow extensive test firings of the The Boston, 2s the first guided-missile 
missile, including @ seri m the Atlantic cruiser, forms the nucleus of the Navy’s first 
Fleet’s experimental gun he USS guided-missile division. 
Mississipp?- 
TERRIER HisTORY 
The Terrier is the first weapons system to In addition to a 
N, come fro Ordnance’s ten building the Terrier’ 
year-old Section with the artic , aS Mentioned in this “Aviat S 
lgr., Applied Physics Laboratory of a fre e M. W. Kellogg Company al ion Week” 
kins University. Prompted by Japanese initial conception of the T Ady participated 
ks in the closing months of system and in the ultimate ii errier’s propulsion 
guided missile as one evelopment of this 
of the Navy's primar 
y ant 


Kamikaze attac 


World War II, thé bureau established the 
aircraf 
t weapons. To date, M. W. Kello 
gg's unique 


missile research and development project 
under the code name of industrial back 
ground in th 
J of h e utiliz 
JHU/APL m temperatures and and control 
engineering and production of as contributed 
over ten 


Scientists of 
studies that led to the Terrier; 0 
d 
m have produce different rocket engines for the A 
i e Armed Forc 
es. 


of the Bumblebee progr 
Talos, another anti-aircraft missile with 
ramjet propulsion, and the Triton. 

As Terrier t issile look more 
and more promising, the 
production plant at Pomona, 

jon of the facility over to 

the Convai ‘on of General Dynamics. 
Production nuary 1953. 
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when your success depends 


upon defect-free components. . . 
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liable, economical means of detecting defects in a 
wide variety of materials. 
caused by heat, 
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Because of an unmatched record of scientific ex- 
perience in upper-air research as builders of the 
Viking Rocket series for the Navy, Martin was 
awarded the prime contract on the project known as 
ESV VANGUARD —-the Earth Satellite Vehicle that 
will take its place in history as man’s first exploratory 
step in the conquest of the final frontier, space itself. 

What does space mean to you as an engineer? 

Today, no other aircraft company in the world can 
give you more penetrating answers to that question. 
And tomorrow... 

If you are interested in the greatest engineering 
adventure of our time, contact J. M. Hollyday, Dept. 
BB, The Martin Company, Baltimore 3, Maryland. 
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Electronics on the ground 

in high-flying missiles. All are tough challenges, 
and in all three fields one word looms above all 
others: RELIABILITY. That’s why you find de- 
signers depending more and more on LEACH 
when system reliability is vital and components 
must not fail. Every unit leaving our plant... 
whether it’s going to work on the ground or in the 
ionosphere . . . is designed, built and tested to de- 
liver the performance that the job, not merely the 
specification, requires. Behind each unit, and en- 
suring its success, is design and manufacturing 


experience second to none. 
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Even as you read this, rocket engines 
capable of sending a guided warhead 
half-way around the earth are being 
developed and produced by RockeEt- 
DYNE, a Division of North American 
Aviation, Inc. ...and larger, still 
more powerful units are on the way. 

Behind these bare facts is a 10-year 
story of how the Air Force and 


ROCKETDYNE 


BUILDERS OF POWER FOR OUTER SPACE 


-Today’s Rocket Engine can send 
a missile half-way around the earth 


ROCKETDYNE faced up to one of the 
biggest engineering challenges of the 
last decade. Security restrictions do 
not permit us to give you the details, 
but we can tell you that RocKkeEr- 
DYNE has manufactured the largest 
liquid-propellant rocket engine in 
the free world. ROCKETDYNE is devel- 
oping and producing rocket engines 
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A Division of 
North American Aviation, Inc. 


for many of the major guided missile 
projects in this country. 

If you are an engineer —and inter- 
ested in this young and challenging 
field— write RocKETDYNE, Personnel 
Manager, Dept. ARS-2, 6633 Canoga 
Ave., Canoga Park, California... 
located near Los Angeles in the West 
San Fernando er 


= Night firing tests on early ROCKETDYNE engines hel s the development of today’s models whose power cannot be disclosed. 
3 
d 
| 
ae 
3 
. ag 
7 


sile 


er- 
ing 
nel 
ga 


est 


Presing, Joseph A., Jr., Sr. Design Engr. 
Riedel, Elmer H., Jr. Research Engr. 
Rosenthal, Walter L., Research Engr. 
Sutor, Alois, Sr. Research Engr. 

Warren, Stuart A., Research Engr. 
Zehetner, Howard, Propulsion Res. Analyst 


Autonetics Division 
Leisz, George W., Instrumentation Supvr. 
Schmied, William F., Jr., Staff Engr. 


Columbus, O. 

Beans, E. William, Engr. 

Bell, Marion Wetherbee Jack, Engr. Design 

Delany, Jere T., Eng. Thermodynamicist 

Guthrie, Charles Rex, Research Engr. 

Horr, Raymond W., Senior Engr., Research 

Johnsen, Kenneth, Design Engr. 

Kelley, Edward H., Group Engr. 

Kennedy, Edward R., Project Thermo- 
cynamicist 

Lays, Edward J., Sr. Aerodynamics Engr. 

Mandell, Donald S., Aerodynamicist 

Ma-tin, Mack L., Flight Test Engr. 

McClintock, Robert, Engr. Structures 

Nasb, Kenneth N., Aerodynamicist 

Pav'osky, James E., Engr. 

Sm.th, Kirsey O., Aero. Engr., Aerodynamics 
Engng. Dept. 

Weener, Earl T., Assist. Flight Test Project 
Engr. 

Welch, William W., Sr. Engr. 


Downey, Calif. 


Beerer, Joseph G., Gen. Mgr. 

Boden, Robert H. 

Brown, Jack W. 

Burns, Francis S., Flight Test Engr. 

Carinon, John N., Engr. 

Carpenter, Dale, Research Engr. 

Cole, Thomas E., Research Engr. 

Cooper, Homer V., Jr., Group Leader, 
Flight Test 

DeSavino, Wm. A., Research Engr. 

Donaldson, Charles W., Design Engr. 

Dooley, Donald A., Sr. Research Engr. 

Ficklen, Joseph B., Ill, Consultant 

Galambos, Joseph A., Research Engr. 

Gillespie, Rollin W., Engr. 

Hitchens, A. L. 

Hoffman, Willard A., Sr. Engr., Missile 
Flight Test 

Horner, John W., Preliminary Design, 
Rocket Coordinator 

Hutmacher, Eugene S., Supvr., Equipment 
Engng. 

Lanford, Wayne S., Tech. Illustrator, Sr. 

Myers, Thomas E., Assist. Propulsion Test 
Mer. 

Owens, Richard H., Experimental Res. Engr. 


Rogers, Robert W., Mech. Engr. 
Rudolph, Gonzales 

Spoehel, Edwin H., Design Engr. 
Swanson, Lyle M., Research Engr. 
Tormey, John F., Group Leader “a 
Whinery, Robert O., Structures Engr. | 
Widawsky, Arthur, Engr. Aerodynamics 


Riddlesbarger, Roger J., Supervisor 


New York, N. Y. 


Benedict, George W., Mgr. 


Patrick AFB, Fla. 


Clements, James S., Research Engr. 
Tallman, Harold L., Jr., Research Engr. 


Rocketdyne 


Agulia, Richard S., Supvr., Performance 
Analysis 
Albanese, Philip, Supvr., Prelim. Design 
Ashmead, Richard R., Group Leader, 
Turbomachinery 
Baisley, W. J., Supervisor 
Baker, Dwight, Sr. Research Engr. —> 
Barrett, Ernest M., Research Engr. a 
Bayne, Walter M., Supervisor = 
Bellamy, Charles W., Sr. Research Engr. 
Benham, Theodore F., Research Engr. 
Benson, James A., Service Engr. 
Bockstahler, Alan J., Research Engr. 
Bond, William E. G., Exper. Devel. Engr. 
Eowers, William M., Research Engr. 
Boynton, William W. 


Brennan, William J., Chief, Design and 
Devel. Section 


Broadston, James A., Mgr., Prop. Field Lab. 


Brooks, William S., Sr. Research Engr. 
Brown, Cecil D., Research Engr. 
Brown, Frank H., Jr., Research Engr. 
Bruschi, Arthur T., Research Engr. 
Buccella, Franklin J., Research Engr. 
Bullard, Charles Phil 


Byron, Robert A., Engr. Research, Experi- 


mental Div. 
Calamore, Donald V., Research Engr. 
Cancilla, Myron A., Research Engr. 
Carter, Edward H., Supvr., Engng. 


Cartotto, Edward, Group Leader, Instru- 


mentation & Equipment 
Castenholz, Paul D., Assist. Group Leader, 
Combustion Devices 
Cecka, William J., Jr. Chief, Engng. Test 
Section 
Chase, John W., Jr. Field Engr. 
Cohen, Milton, Research Engr. 
Colahan, Wayne J., Research Engr. 
Converse, John W., Test Engr. 
Conyers, John R., Supvr. Prelim. Design 
Costello, John R., Research Analyst 
Coubrough, Robert J., Research Engr. 
Cramer, Frank B., Research Engr. 
Crossland, Winford D., Group Leader 
Cumming, James M., Project Engr. 
Dixon, Thomas F., Chief Engr. 
Eilenberg, Stanton L., Research Engr. 
Erbs, Joseph E., Research Engr., 
Ezell, William F., Res. Engng. Specialist 
Finger, John C., Research Engr. 
Fons, Phillip Corrigan, Instrumentation De- 
sign Specialist 
Forslund, Gerald M., Jr., Research Engr. 
Fuller, Paul N., Research Engr. 
Gaffney, Frank J., Research Engr. 
Georgius, Henry K., Sr. Research Engr. 
Gillean, James I., Jr. Research Engr. 
Goe, Ronald, Research Engr. 
Goldman, Jack R., Field Service Rep. 
Gould, Roger K., Research Engr. 
Greenfield, Stanley P., Supvr., Research 
Haag, Gordon E., Research Specialist 
Hahn, Jack R., (Supr.) Large Thrust 
Chamber Ass’ys. 
Hast, Drea R., Research Engr. 
Hatfield, C. D., Field Rep. 
Healy, Roy, Sr. Research Engr. 
Hewitt, George F., Research Engr. 
Hoffman, Samuel K., Gen. Mgr. 
Hogan, Orien L., Engng. Rep., Rocket Eng. 
Hume, James P., Sr. Research Engr. 
Huzel, Dieter K., Supervisor 
Ingham, Kenneth T., Supvr., Turbo 
Machinery Design 
Jackson, Elbert G., Research Engr. 
Johnson, N. Dale, Sr. Research Engr. 
Johnson, Wayne R., Engng. Supvr., E4FB 
Johnston, Robert E., Research Engr. 
Jones, Paul R., Research Engr. 
Jones, Walter H., Sr. Research Engr. 
Jopson, Hubert S., Supvr., Servo Unit 
Controls Group 
Kallis, Felix, Sr. Research Engr. 
Kanner, Gideon, Research Engr. 
Karen, Bernard, Research Engr. 
Karpenko, Vadim A., Engng. Research 
Kaye, Kenneth S., Research Engr. 
Keeler, Raymond A., Supervisor Area #2 
Large Engines 
Kelly, Arnold J., Research Engr. 
Knittle, Walter A., Research Engr. 
Kraemer, Robert S., Supvr., Preliminary 
Design, Engng. Dept. 
Lang, James R., Research Engr. 
Lamont, Ernest A., Design Engr. 
Larson, Vernon R., Research Engr. 
Lawson, Loretta F. 
Leitch, Donald M., Supervisor, Armament 
Rockets Design and Devel. 
Levine, Robert S., Assist. Group Leader 
Lieberman, David, Sr. Resarch Engr. 
Lieberman, Seymour, Research Engr. 
Linse, Robert E., Supervisor 


~ 


Liu, Dr. Frederick F., Sr. Research Scientist 
and Research Engng. Specialist 
Marsden, Norman H. 
Mascolo, Richard W., Research Engr. 
McWilliams, Carlton L., Supvr., Experi- 
mental Analysis Unit 
Miller, Lowell M., Sr. Research Engr. 
Monteath, Edward B., Assist. Proj. Engr. — 
Moore, Robert L., Supervisor ‘ 
Morin, R. R., Project Engr. 
Mower, William W., Group Leaders, Com- © 
bustion Devices Group 
Mowers, Bob, Research Engr. 
Mueller, Kurt H., Sr. Research Engr. 
Musial, W. P., Service Analyst, Field Serv. 
Mussell, Donald E., Research Engr. 
Neuburn, Floyd A., Research Engr. 
Nicolay, Phillip E., Sr. Test Engr. 
Nolan, Beaman B., Sr. Research Engr. 
Olsen, Milo R., Test Engr. 
Orr, Jerry A., Research Engr. 
Ortlieb, Richard, Designer 
Patterson, Joseph V., Jr. Engr. 
Peppler, John R., Sr. Research Engr. 
Peters, Alphonse P., Research Engr. 
Pfouts, J. O., Sr. Research Engr. 
Ragsac, Robert V., Research Engr. 
Reid, William L., Research Engr. 
Reuel, Norman C., Assist. Section Chief 
Richardson, John E., Jr. Research Engr. 
Robinson, Kendal S., General Supvr. 
Rodriguez, Charles J., Sr. Research Engr. 
Rosenblum, Martin H., Research Engr. 
Rosenfeld, Herman H., Electrical Engr. 
Rothman, David, Research Engr. 
Sensenbaugh, Norman D., Research Engr. 
Schurman, Kurt J. 
Searle, Richard F., Research Engr. 
Sellers, John P., Jr., Sr. Engr. 
Sliwinski, Mitchell S., Sr. Research Engr. 
Sitton, Louis J., Research Engr. 
Sopp, George A., Research Engr. 
Soteriou, James G., Sr. Designing Engr. 
Stassinos, James W., Reseach Engr., Devel. 
Stephens, Henry C., Sr. Design Engr. 
Studhalter, Walter R., Project Engr. 
Sutton, George P., Group Leader, Prelim- 
inay Design 
Tietjen, Howard F., Research Engr. 
Thompson, Floyd J., Research Engr. 
Thompson, Robert J., Jr., Supvr. of Prop. 
Chemistry 
Traylor, John E., Research Engr. 
Turner, Kenneth A., Research Engr. 
Verba, Michael Jr., Research Engr. 
Vogt, Paul R., Group Leader 
Vorwerk, Vern R., Design Engr. : 
Warren, Victor M., Test Engr. : q 
Webber, William T., Research Engr. 
Weoer, Lawrence D., Sr. Research Engr. 
Wesels, Lewis J., Group Engr. 
Wightman, Robert R., Engr. 
Wilford, David B., Research Engr. 
Willinski, Martin |., Research Engr. 
Yaplee, Allen S., Research Engr. 
Yee, Theodore S. H., Research Engr. 
Young, Richard H., Research Engr. 
Zabel, Patrick H., Test Engr. 
Zimmerman, Jack M., Research Engr. 


Santa Susana, Calif. 
Araki, Minoru Sam, Research Engr. 
Davey, George R., Research Engr. 
Domokos, Steve J., Research Engr. 
Gurskis, Joseph Jr., Research Engr. 
Henry, Stacey C., Prop. Res. Mechanic 
Kelley, John F., Project Engr. 

Myers, Joseph A., Sr. Propulsion Mech. 
Sanchin, Dominick J. 
Urbanovsky, Ernest J., Research 


NORTHROP AIRCRAFT, INC., 
HAWTHORNE, CALIF. 
Beller, Gordon M., Group Engr. 
Elwell, Harwood C., Test Engr. 
Holmes, William C., Jr., Chief, Power Plant 
Eng. Dept. 
Munsey, Edward H., Supvr., Missile Test 
Facility 
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Myers, Samuel A., Research Analyst 
-Paiss, Hal, Service Engr. 


- Reimer, Ray, Missile Body Group Engr. 


Ripley, Herbert S., Prop. Group Engr. 
Rohrer, William G., Field Rep. 
trick AFB, Fla. 
John, Technician 
Lewis, Richard B., Supvr., 
Engng. 


Smith, Verl O., Chief, Missile Test Facility 


Vreeland, Maxine Grammer, E.C.O. ‘A’ 
NORTON COMPANY, 


WORCESTER, MASS. 


Westerhoim, Ronald J., Sales Engr. 
Wheildon, William M., Research Engr. 
Crompton, George Jr., Patent Attorney 


CHARLES G. NOSKA COMPANY, 


PHILADELPHIA, PA. 
Noska, Charles G., President => 


G. O. NOVILLE & ASSOCIATES, 


LOS ANGELES, CALIF. 
Hardy, Maurice M., Design Engr. 


Santa Monica, Calif. 
Aaron, Robert H., Vice Pres., Engng. 


NUCLEAR DEVELOPMENT CORP. OF 
AMERICA, 
WHITE PLAINS, N. Y. 


Gruber, Alan R., Division Director 


ODIN ASSOCIATES, 
PASADENA, CALIF. 


Michelson, Irving, President 
OERLIKON TOOL & ARMS CORP. OF 


AMERICA, 
ASHEVILLE, NORTH CAROLINA 


Brandenburger, Ernst Max, Production Mgr. 


OFFSHORE RAYDIST, INC. 
NEW ORLEANS, LA 


Suggs, Robert L., President 


NEW YORK, N. Y. 
Childs, Herbert C., Product Mgr. 
McLain, Joseph H., Consultant 
Baltimore, Md. 


Theobald, O. J., Jr., Mgr. Nitrogen Prod. 
Vincent, George P., Director of Govt. Serv. 


East Alton, Ill. 


Blake, T. Gaynor, Research & Devel. Mgr. 


Cooley, Robert A., Assist. to Research 
Dept. Mer. 

Drexelius, Victor W., 
Devel. Supervisor 


O'Neill, John J., Jr., Assist. to V. P. and 


Gen. Mgr. 


Rippe, Robert S., Mgr., Technical Relations 


New Haven, Conn. 
D'Amato, Dominic A., Project Engr. 
Niagara Falls, N. Y. 


Bramann, George M., Contracts Admin. 


Clark, Charles C., Mgr. Univ. Research 


Griffin, Donald N., Assoc. Director, Liquid 


Propellant Application Research. 
Herndon, L. Kermit, Tech. Director 
Thomas, Delbert D., Project Engr. 

Pasadena, Calif. 
Cunningham, George M., District Sales 

Mer. 

Washington, D. C. 


Sosnoski, Harry A., Director of Operations, 


Aviation Division 
THE OKONITE CO., 


PATERSON, N. J. 


Bottari, Arnold, Process Engr. 


PAUL OMOHUNDRO CO., 
PARAMOUNT, CALIF. 


Omohundro, Paul, President 


Missile Test 


OLIN-MATHIESON CHEMICAL CORPORATION 


Industrial Cartridge 


ORENDA ENGINES LIMITED, ee 


TORONTO, ONTARIO, CANADA 
Anderson, George E., Chief Tech. 


Morrison, Donald E., Chief Combustion 
Engr. 

Scott, James H., Supvr. Eng. Test Equip. 

Thue, Kenneth S., Head Aerodynamics 
Engr. 

Young, Kenneth B., Chief Materials Engr. 


OXO EQUIPMENT CO., 
NEW LENOX, ILL. 


Matasovic, John L., President 


PACIFIC TELEPHONE & TELEGRAPH CO., 
SEATTLE, WASH. 
Okerlund, Robert T., Central Office Equip- 
ment Maintenance 
Rice, Tom R. 


PAGE COMMUNICATIONS ENGINEERS, INC., 
WASHINGTON, D. C. 
Bailey, D. K., Scientific Director 
Page, Esterly C., President 
_ Page, Virginia Erwin, Engr. 


PAN-AMERICAN WORLD AIRWAYS, INC., 


NEW YORK, N. Y. 
Gledhill, Franklin, Vice President 
Pryor, Samuel F., Vice President and 
Assist. to President 
Richards, Muriel M. 
Trippe, Juan T., President 
Patrick Air Force Base, Fla. 
Blodgett, Charles L., Supvr., Liquid Oxygen 
Facility 
Ellis, Charles L., Deputy Division Mgr. Tech. 
Felzenberg, Albert, Electronic Engr. 
Jacobson, Howard F., Deputy Division Mgr. 
Logistic Oper. 
Mitchell, Richard S., Vice President 
Mitchell, William P., Supt. Range Services 
Penny, Harry R., Electronics Technician 
Scattergood, William L., Electronic Tech. 
Taylor, James R., Mgr. 
Werry, Frederick Charles, Jr., Mer. 
Wright, Howard R., Jr., Performance 
Analysis Engr. 
Yordy, Richard L., Base Mgr., Cape 
Canaveral Aux. AFB 


PARKER AIRCRAFT, 
LONG BEACH, CALIF. 


Moebius, Charles M., Staff Engr. 

McGinty, Walter F., Sales Engr. 
PASTUSHIN AVIATION CORP., 
LOS ANGELES, CALIF. 

Jacobson, Oliver H., Thermodynamicist a 
PEABODY ENGINEERING CORPORATION, _ 
NEW YORK, N. Y. 

Vroom, Robert C., Vice President 


PEERLESS INSTRUMENT CO., > 


ELMHURST, N. Y. 
Ellenberg, Karl H. 


PENSERTHY INJECTOR CO., 
DETROIT, MICH. 


Johnson, H. James, Research Engr. 


PENDRAY, COOK & HOVING, 
NEW YORK, N. Y. 
Pendray, G. Edward, Public Relations 
Counsel 
PENNSYLVANIA SALT MFG. CO., ow A 
PHILADELPHIA, PA. 
Gall, John F., Director, Inorganic Research 
Dept. 
Karr, Errol H., Mgr., Tech. Div. 


PERFECT CIRCLE CORP., 
FT. WAYNE, IND. 


Marie, Robert, Electronics Proj. Engr. 


Grinyer, Charles A., Vice President, Engng. 


PERFEX CORPORATION, 
MILWAUKEE, WIS. 


Neudeck, Gene T., Assist Sales Mgr. 


PETROLEUM PROCESSING, 
NEW YORK, N. Y. 


Davidson, Robert L., Assoc. Editor 


PHELPS DODGE, 
FT. WAYNE, IND. 


Fogel, Jerry, Jr. Designer 


PHILADELPHIA METAL STAMPING co., 
PHILADELPHIA, PA. { 


Caraivan, Jordan 


PHILCO CORP., 

PHILADELPHIA PA. 

Daoussis, Spyros, Project Engr. 

Gillies, Joseph H., V. P., Gen. Mgr. Govt. 
& Industrial Div. 

Lagore, Joseph A., Vice President-N ‘gng. 

McLean, James D., Vice President, ‘ovt. 
& Industrial Div. 

Peltier, Frank D., Director of Mech. Ergng. 

Smith, Alden W., Sales Engr. 

Spielman, Sterling C., Dir. Electronic =ng,, 
Govt. & Industrial Div. 

Sumerlin, William T., Section Engr. 


Tucker, James D., Jr., Advisor for Tra 1ing 


White, Z. Lewis, Project Engr. 

Williams, Marshall A., General Sales Mgr. 
Cape Canaveral, Fla. 

Roble, Arthur R., Field Engr. 
Chicago, Ill. 

Myers, Willard D., Regional Sales Enzr. 
Los Angeles, Calif. ay 

McKey, Dixie B., Regional Mgr. — 
Washington, D. C. 

Stephey, Harry M., Govt. Sales Mgr. 


PHILLIPS PETROLEUM COMPANY, 

BARTLESVILLE, OKLA. 

Idaho Falls, Idaho 
Kimball, Robert B., Assoc. Chemist 

McGregor, Texas 

Boyer, Lee H., Ballistic Evaluation & Data 
Reduction Supervisor 

Crask, James A., Project Engr. 

Gose, Robert Oren, Western Tech. Rep. 

Files, F. M., Mgr., Manufacturing Branch 

Fiock, Ernest F., Director, Tech. Devel. Br. 

Haymes, William G., Design Engr. 

Herty, Charles H. Ill, Chemist 

Kyser, Gerald M., Mathematician 

Lang, E. Z., Technical Assist. 

Maciula, L. A., Assist. Mgr., Rocket Fuels 
Division 

Malick, Emil A., Mgr. 

McBride, John A., Mgr. Development Br. 

Miles, George E., Rocket Design Engr. 

Rush, E. E., Mech. Engr. 

Sauls, John F., Mgr. Employee Relations 
Branch 

Scharf, Reinhard W., Chemical Engr., 
Rocket Fuels Div. 

Terry, R. C., Mgr., Office Services 


PHOENIX IRON & STEEL COMPANY, 
PHOENIXVILLE, PA. 

Coutant, Jay G., Secretary & Assist. Treas. 
PIAGGIO & CO., 
GENOVA, ITALY 

Casiraghi, Giovanni P., Chief Engr. 
PIASECKI HELICOPTER CORP., 
MORTON, PA. 

Horne, Harry B., Jr., Assist. to Vice Pres. 
PIROTECNIA LECEA, S. A., 
VITORIA, SPAIN 

de Lecea, Alberto M., Mgr. Director, Engr. 
PLANET PRODUCTS CORP., 
CINCINNATI, OHIO 

Rosenberg, Han K., Mech. Engr., Prod. Mgr. 
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OPPORTUNITIES FOR / 


SCIENTISTS AND 


Largest thrust rocket ever 
fired, based on available 
information, used a pro- 
pellant developed and 
manufactured by Rocket 
Fuels Division of Phillips 
Petroleum Company. 


Govt. 


igng. 
Sovt. 


rgng. 
aining 


Mgr. 


er. 


THERE'S 
A FUTURE, 
WITH PHILLIPS 
IN ROCKETS / / 


VA 


The M15 JATO, first of 
its kind to meet the most 
stringent Air Force per- 
formance tests, was de- 
veloped by Phillips scien- 
tists and engineers. 


Data 


ep. 
nch 
1. Br. 


© Pritips Petroleum Company has a number 
of key positions for scientists and engineers 
with experience and proved ability in the rapid- 


Fuels 


ly expanding rocket field. There are challenging 


opportunities for recent graduates also. Write - 2 


tions 


our technical personnel office. Confidential ee 
interviews arranged for qualified applicants. 


Rocket Facls Division 


PHILLIPS PETROLEUM COMPANY paige 
McGregor, Texas 


reas. 
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PLANNING RESEARCH CORP., 
LOS ANGELES, CALIF. a 


Gendier, Stanley L., Project Engr. 
Krieger, Stuart A., Vice Pres. 


PRECISION EQUIPMENT CO., INC., 
TORRANCE, CALIF. 


Gilman, Richard, President 


PRENCO PROGRESS AND ENGINEERING 
CORP., LTD. 
TORONTO, ONTARIO, CANADA 


Chmel, J. K., Pres. and Managing Director 


Potentiometer type 
transducers for use 
at temperatures be- 
tween — 60° C. and 
+120° C. 


PROFESSIONAL CONSULTANTS, 
PASADENA, CALIF. 
Newton, Johannes S., President 
Vance, Edward M., Vice President., Engng. 


PROM MAGAZINE, 
ST. LOUIS, MO. 
Miller, Julian H. II, Publisher 7 


e ALTITUDE 
e AIR SPEED 


PROPULSION RESEARCH CORP., 
SANTA MONICA, CALIF. 
MacLeod, Gordon J., Aerodynamics Engr. 
Hozaki, Shigemi, Aerodynamicist 
Kumm, Emerson L., Sr. Engr. 
Stoner, Willis A., Aerodynamicist 
QUANTUM, INC., 
CHESHIRE, CONN. a5 
Jewett, Warren R., Staff Scientist — 


Designs available 
permit single or mul- 
tiple range linear 

output from 


RAMO-WOOLDRIDGE CORP., 
LOS ANGELES, CALIF. 
Abramson, Bertram N., Tech. Staff 
Adelman, Barnet R., Head, Solid Eng. Dept. 
Anderson, Philip N., Structures Des. Engr. 
PORT OF NEW YORK AUTHORITY, Attias, John J., Member, Tech. Staff, Prop 
NEW YORK, N. Y. Dept. ‘ 
Borland, William C., Coordinator of Engng. Baxter, Albert N., Jr., Project Engr. 
Kilueg, Jerome, Designer Brewer, G. Daniel, Tech. Staff 
Nilsson, Frederick W., Airport Designer Clauson, Milton U., Director ; 
ALBANY, N. Y. Donovan, Allen, Director, Aero. and Devel, 
Munch, Neil E., Chief Project Engr. Staff 
Dunn, Louis G., Vice Pres. and Director, 
Guided Missile 
Finney, Albert T., Tech. Staff 
Fletcher, James C., Director, Electronics 
R. and D. 
Gaylord, Robert S., Member of Tech. Siaff 
Ives, George M., Member Tech. Staff 
Johnson, James H., GMRD Division 
Koen, Frank L., Jr., Physicist 
Koether, Fred A., Head, Tech. Informat.on 
Services 
Lawrence, Herbert R., Assoc. Director, 
Propulsion & Structures 
Lehan, Frank W., Asoc. Director, Electr n- 
ics Res. & Devel. Staff 
McDowell, Donald R., Publications Mg: 
Mettler, Ruben F., Director 
Piech, John S., Technical Staff. 
Ramo, Simon, Executive Vice President 
Scesa, Steve, Tech. Staff Member 
Seifert, Howard S., Chief, Prop. Analysis 
Sibbitt, Wilmer L., Member Tech. Staff 
Thiel, Adolf K., Sr. Staff Engr. 
Toporeck, Edward R., Director, Systems 
Test Staff 
7 Vogel, Jack Morris, Member Tech. Staff 
Patrick AFB, Fla. 
Rypinski, Robert B., Regional Mgr. 


non-linear input THE RAND CORP., 


SANTA MONICA, CALIF. 
Clement, George H., Acting Chief 
Goldsmith, Martin, Assoc. Engr. 
Heffern, Eldred Charles, Assoc. Engr. 


function, and 
operation over 
wide ranges of envir- 
onmental conditions. 


RADIO CORP. OF AMERICA, 
CAMDEN, N. J. 
Merrill, Harvey B., Jr., Sales Mgr. 
Moorestown, N. J. 
Kaden, George, Mech. Project Engr. “A” 
Walker, Marvin J., Design Engr. 


Patrick AFB, Fla. 

Conrad, Anthony L., 
Project 

Everhard, Fredric U., Jr., Electronics Engr. 

Graeber, Ralph P., Mech. Engr. 

Hayne, Walter R., Electronics Tech. 

Herbert, John T., Jr., Electronic Engr. 

McLaren, Kenneth M., Mer., Planning & 
Analysis Section 

Pace, Thomas C., Engr. 

Paz, Ralph B., Contract Administrator 

Peghiny, Ernst Lee, Circuit Project Engr. 

Raulins, Kenneth R., Mgr. 

Roberts, William L., Mid-West Rep. 

Rogers, Loren E., Electronic Engr. 

Vreeland, Arthur, Mgr. 

Wright, John R., Project Engr., AFMTC 
Firing System 


SWITCHING 


RAPID FINANCE & LOAN, 
BALTIMORE, MD. 


Cascio, Salvatore J., Jr., Credit Mgr. 
RAYMOND ENG. LAB., INC, 
MIDDLETOWN, CONN. 

Dowjat, Richard E., Engr. | 


CONTROL 
Megr., Missile Test 


Designs available for 


operation to 160° C. 
RAYTHEON MFG. CO., 
WALTHAM, MASS. 

Robba, William A., Head, Nuclear Power 

Group 

Vogt, Alex G., Mechanical Engr. 

Szecsody, Alex J., Mechanical Engr. 
Bedford, Mass. 

Green, Bigelow, Technical Writer 


Special instruments 


for use with corro- 
sive oxidants and 
fuels are available. 


REACTION MOTORS, INC., 
DENVILLE, N. J. 


Ayers, Milton E., Public Relations 
Bendersky, Charles, Assist. Project Engr. 


RADIOPLANE CO., Boggio, Marshall R., Test Assist. 


VAN NUYS, CALIF. 


INSTRUMENTS, INC. 
12 WEST BROADWAY 
NEW YORK 7,N. Y. 


Burton, Edward B., Supvr., Armament Des. 


Cartabiano, A., Chief of Flight Test 


Mayer, Frank S., Jr., Structures Sec. Supvr. 


Nelson, Willard, Research Tech. 
Powell, Robert R., Missile Test Engr. 
Rice, Charles E., Instrumentation Engr. 


Holloman AFB, N. M. 


Fortuna, Anthony F., Assist. Quality Con- 


trol Mgr. 


RAHM INSTRUMENTS, INC., 
NEW YORK, N. Y. 
Senseney, George Towner, Vice Pres.- 
Engng. 
White, Roy, Secy.-Treas. 


Borcherdt, Walter O., Sr. Project Engr. 
Boroson, N. Harvey, Assoc. Engr. 

Brown, Wilbert R. 

Burdett, Harry W., Jr., Chief Engr. 
Cadwell, Gaius, Sr. Project Engr. 
Condello, Vincent, Chief Design Engr. 
Conlon, John W., Sr. Service Rep. 

Cramer, Granville R., Assist. Project Engr. 
Cutting, John B., Product Engr. 

Davidson, William M., Mgr., Applic. Engr. 
Dexter, Frederick V., Product Engr. 
Eaton, David C., Works Mgr. 

Emrick, William H., Project Engr. 

Fay, James W., Treasurer 

Ferris, DeLacy F., Chief of Prelim. Design 
FitzGerald, James W., Prod. Projects Engr. 
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ANNOUNCES OPPORTUNITIES IN. 
‘MISSILE TESTING INSTRUMENTATION 
AT THE AIR FORCE MISSILE TEST CENTER 


The World’s largest testing laboratory and range 
extending from the central east coast of Florida 


to the Mid-South Atlantic 


TRACKING TECHNIQUES INCLUDE 
VARIOUS PHASES OF 


Radar 

Optics 

Timing 
Telemetry 
Communications 


1. Instrumentation Planning 
2. Systems Engineering — Military 


3. Installation and Maintenance of . 
Instrumentation Equipment “6 


Benefits to you include: prestige of association with the world leader in electronics « 
interesting assignments in missile testing « professional advancement « pleasant 
Florida living « liberal Company benefits « relocation assistance. 


Our new programs provide opportunities for electronic engineers and scientists, 
physicists, mathematicians, and opto-mechanical engineers and scientists. You should 
have bachelor’s or advanced degree. Experience in data acquisition, transmission 
or processing desired. 


Send resume to: 
+i Mr. H. N. Ashby, Technical Employment 
Missile Test Project 
a = RCA Service Co., Inc 
P.O. Box 1226, Melbourne, Florida 


RADIO CORPORATION OF AMERICA 
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Ballistic Missile, Air Force programs for which we have over-all systems engineering and technical 
direction responsibility, are prime examples of programs that require the systems engineering 
approach. Most Ramo-Wooldridge work is of such a systems character, requiring the concurrent 
solution of a wide variety of interrelated technical and operational problems. Additional examples 
at R-W are communications, fire-control, and computer programs for the military, and automa- 
tion and operations research projects for business and industry. 


Pertinent technical fields M Successful execution of systems engineering programs requires that the techni- 

cal staff include experts in a considerable number of scientific and engineering specialties. 
e At Ramo-Wooldridge some of the pertinent fields are aerodynamics, propulsion, digital 
computers, information theory, radio propagation, radar, infrared, servomechanisms, gyroscopy, 
and nuclear physics. 


cians and analysts who can predict the behavior of complex systems, as well as ingenious 
experimental physicists who can devise suitable new techniques for measuring actual physical 
parameters. In addition, the team must include experienced apparatus and equipment development 
; engineers, to insure a high level of practicability in the resulting end products. 

id ad “a soil aa va Scientists and engineers who are experienced in systems engineering work, or who 


7 7 714 have specialized in certain technical fields but have a broad interest in the inter- 
a : actions between their own specialties and other fields, are invited to explore the wide 


a =, range of openings at The Ramo-Wooldridge Corporation in: 


Guided Missile Research and Development Automation and Data Processing 
Aerodynamics and Propulsion Systems § Digital Computers and Control Systems 
Communications Systems § Airborne Electronic and Control Systems 


The Ramo-Wooldridge Corporation 


3730 ARBOR VITAE STREET + LOS ANGELES 45. CALIFORNIA 


The Ramo-Wooldrid 
. ss | BM and IRBM are prime examples M The Intercontinental Ballistic Missile and the Intermediate Range 
quired A qu 
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sion of General naan Corporation—for the U. S. NAVY BUREAU OF 
ORDNANCE has carried RREP Telemetering Transmitting systems in its ex- 
perimental and test flights, ashore and afloat. 


—_— RREP’s special Telemetering Transmitting package; unique in form factor 
MISSILE GUIDANCE ; but of traditional RREP performance, ruggedness and reliability, has an out- 
standing record of performance in the Terrier Program. 


cananames SYSTEMS “4 L + This specialized application of RREP Telemetry Equipment is but another 


example of RREP’s engineering and production abilities. This performance is 
AIRBORNE > being repeated by RREP equipment in many other phases of the nation’s 


ELECTRONICS EQUIPMENT guided missile and aircraft program. 


> 


If the transmission and reception of remote instrumentation information is 


your problem, call on RREP for a solution. 


= 


RAYMOND ROSEN ENGINEERING PRODUCTS, inc. 


32nd and Walnut Streets, Philadelphia 4, Pennsylvania 
Western Regional Office: 15166 Ventura Blvd. 
Sherman Oaks, Los Angeles, California 
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Fox, Zola, Sr. Project Engr. 

Frank, John E., Engr., Instrumentation 

Frazee, Richard P., Mgr. of Contracts 

Gershon, Milton, Sr. Project Engr. 

Goalwin, Daniel S., Project Engr. 

Govignon, Edward C., Project Engr. 

Guzeko, Max E., Service Rep. 

Harsiem, Eric W., Chief, Test Dept. 

Huson, George R., Devel. Engr. 

Irgon, Joseph, Chief Analyst 

Jermain, Robert A., Product Engr. 

Kellar, David G., Mgr., Ind. & Public 
Relations 

Kessler, Edward R., Assoc. Engr. 

Kimm, Willard C., Dir. of Pub. Relations 


Kinsey, Robert S., Vice Pres. of Operations 


Kircher, Hartmann J., Sr. Project Engr. 

Kopituk, Raymond C., Chief, Materials 
Engr. 

Lawrence, Robert M., Assist. Treasurer 

Lehrer, Stanley, Project Engr. 

Lyons, Harold R., Product Engr. 

MacMorris, David, Product Engr. 

Mann, David J., Chief, Prop. Synthesis 
Dept. 

Mayer, F. Robert, Public Relations 


Michaels, Henry B., Jr., Exec. Vice Pres. 


& Assist. Gen. Mgr. 
Munger, William P., Mgr. of Engng. & 
Res. Div. 
Nemick, Stanley J., Product Engr. 
Olsen, Marvin N., Chief Physicist 


Parker, Maurice E., Experimental Projects 


Engr. 
Pederson, Haakon O., Sr. Project Engr. 
Raines, Thaddeus J., Chief, Propellant 
Properties Dept. 
Rapp, Louis R., Director of Chemistry 
Reinhardt, William J., Tech. Planning Engr. 
Rogers, John M., West Coast Rep. 
Roher, William C., Public Relations 
Rothmayer, Noel Y., Project Engr. 
Salzman, Jerome, Assist. Project Engr. 
Sherman, Arthur, Sr. Project Engr. 
Shesta, John, Consultant 
Sweetman, Willard Jr., Assist. Mgr. 
Thatcher, Albert G., Chief, Projects Oper. 
Dept. 
Turner, Warren P., Mgr., Customer 
Relations 
Walsh, Edward B., Supvr. of Planning 
Weisenberg, Irwin J., Sr. Project Engr. 
Witko, Joseph, Jr., Engr. 
Young, Raymond W., President 
Youngquist, Robertson, Chief of Applied 


ag 


Research & Compon. Devel. 
Dayton, Ohio 
Lott, G. Richard, Dayton Rep. on oe 
Los Angeles, Calif. vi! 
Eide, Ralph M., Product Engr. 4 beret 


Koch, Harry A., Applications Engr. 
New York, N. Y. 

Marston, Randoph B., Director 
Washington, D. C. 

Lent, Robert R., Washington Rep. 

Haas, J. Donald, Assist. Washington Rep. 


READING TUBE CORPORATION 
READING, PA. 


Meyers, George M., Exec. Vice — 


REED & REESE, INC. 
PASADENA, CALIF. 
Templeton, Thomas H., Exec. Assist to the 
President 


REER RESEARCH, INC., 
WASHINGTON, D. C. 


Martinek, Johann J. M., Dir., Res. Div. 


REEVES INSTRUMENT CORP., 

NEW YORK, N. Y. 
Armstrong, Niel A., Electronics Engr. 
Franzel, Robert T., Aff. Mgr. Com. Prod. 
Keegan, Norman R., Research Chemist 
Schiff, Raymond M., Field Service Engr. 


RIDDLE AIRLINES, 


LOS ANGELES, CALIF. 


REDEL, INC, 

ANAHEIM, CALIF. 
Grabau, Edgar B., Research Chemist 
Pitcher, Robert R., Project Leader 


REINHOLD ENGNG. & PLASTICS, 
NORWALK, CALIF. 


Barner, William H., Sales & Devel. Engr. 
Noland, Robert L., Executive Vice Pres. 


REMINGTON RAND DIV., 
SPERRY-RAND CORP., 

NEW YORK, N. Y. 
McKenna, Richard P., Technica] Writer 


Norwalk, Conn. 
Gorski, Joseph Paul, Mech. Engr. 


REPUBLIC AVIATION CORP., 

FARMINGDALE, N. Y. 
Bowman, Richard G., Assist. Chief Engr. 
Grieco, L. Michael, Design Engr. 
Helfand, Frederic E., Engng. Draftsman 
Kartveli, Alexander, Vice Pres., Chief Engr. 
Martin, James S., Chief, Research, Struc- 

tures, Weights 

O'Donnell, William J., Chief Devel. Engr. 
Saul, Sol, Sr., Structures Engr. 
Schneider, Mannie, Power Plant Engr. 
Tint, Robert S., Design Specialist 
Wakeford, Ronald C., Aeronautical Engr. 
Wichser, Robert F., Chief Research Engr. 


Hicksville, N. Y. 
Allen, George T., Design Engr. 
Brice, Philip E. R., Director of Engr. 
Klein, Johann J., Chief Tech. Engr. 
Melrose, Robert G., Gen. Mgr., Guided 
Missiles Div. 
Reissig, Robert R., Admin. Engr. 
Schmidt, Richard A., Chief, Prop. System 
New York, N. Y. 
Neuhoefer, Kurt K., Engr. 
Miller, Howard L., Metalurgica!l Engr. 


RESISTOFLEX CORPORATION, 
BURBANK, CALIF. 


Paulbach, Robert A., Sales Engr. 


REVERE CORPORATION OF AMERICA, 
WALLINGFORD, CONN. 
MacDonald, Dennison H., Dir. of Res. & 
Engng. 


RHEEM MANUFACTURING CO., 

DOWNEY, CALIF. 
Beebe, Fred G., Supvr. Mfgng. Control 
Clay, Willard R., Assist. Mer. 
Ellis, Emory L., Dir. Tech. Planning 
Garvey, James E., Physicist 
Griffiths, Franklin E., Mech. Des. Engr. 
Malstrom, Carl R., Assist. Chief Engr. 
Root, Robert E., Mgr. 
Skrob, Richard S., Assist. to the Product 

Engr. 

Snelling, Ken E., Customer Relations Direc. 
Templin, Robert A., Project Analyst 
Titley, John H., Contracts Administrator 
van der Wal, Franki L., Aerodynamicist “A” 
Wood, Norman E., Structures Engr. 


M. H. RHODES CO., INC., 
HARTFORD, CONN. 


Supina, Leo E., Consultant Physicist 


MIAMI, FLA. 
Bockoven, Arthur G., Jr. Tech. 
THE ROBBINS COMPANY, 
Bond, Laban W., Sales Mer. Fk 
ROBBINS AND ASSOCIATE: 


Mabery, Henry N., Mgr., Pacific District 
Robbins, Hugh C., Director 


FREDT.ROBERTS& CO, 
RIDGEFIELD, CONN. 


Roberts, Robert E., Vice President 


ROBERTSHAW-FULTON CONTROLS CO., 
ANAHEIM, CALIF. 


Wehrli, Robert L., Gen. Mgr. 
ROCKET RESEARCH & ENGINEERING Co., 
SYDNEY, AUSTRALIA 

Thomas, George Harold, Proprietor 
ROCKEFELLER, LAURANCE 
NEW YORK, N. Y. 
Rockefeller, Laurance S. 


Walkowicz, Teddy F., Investment Advisor 


_ Woodward, Harper, Aviation Adviser io 
Laurance S. Rockefeller 


ROHM AND HAAS COMPANY, 
REDSTONE ARSENAL RESEARCH DIV., 
HUNTSVILLE, ALA. 


McGill, Howard L., Projects Coordinator 
Shuey, Henry M., Head, Ballistics Seci’on 


ROHR AIRCRAFT CORPORATION, 
CHULA VISTA, CALIF. 

McCreery, Frank E., Vice Pres., Engng. 
ROLLS-ROYCE LTD., 
DERBY, ENGLAND 

Arnold, Arthur K. 
RONAN & KUNZL, INC., 
MARSHALL, MICH. 

Eichstaedt, Herbert A., LOX Sales Engr 


ROYAL DUTCH AIRLINES, 
SCHIPHOL AIRPORT, HOLLAND 


Van Hoek, F. H. C. 


ROYAL JET, INC., 
ALHAMBRA, CALIF. 


Strickland, J. D., Assist. to the President 


RUSSELL ASSOCIATES, INC., 
BRIGHTWATERS, N. Y. 


Russell, Charles F., President 


RUSSELL & HABERSTROH, INC., 
NEW YORK, N. Y. 


Haberstroh, Alex, Producer 
RYAN AERONAUTICAL CO., 
SAN DIEGO, CALIF. 
Bates, Curtis L., Assist, Chief Engr. 
Breder, Sam C., Director, Customer Service 
Metal Products 
Clothier, Jack D., Design Engr. 
Deyarmond, Albert B., Chief, Prelim. Des. 
Fink, Frank W., Vice Pres., Chief Engr. 
Hite, Walter A., Chief, Missile Projects 
Section 
Kemmer, Paul H., Exec. Advisor to Vice 
President 
Kochis, Thomas R., Prelim. Design Engr. 
O’Rourke, Neil W., Power Plant Engr. 
Tearnen, John O., Design Specialist 
Wigers, Allan B., Electrical Engr. | 


SAAB AIRCRAFT COMPANY, _ 
LINKOPING; SWEDEN, 


Platell, Ove B., Servo Engr. a} 


ST. REGIS SALES CORP., 
CHICAGO, ILL. 


Moldt, Verne G., Sales Engr. 


SANDIA CORPORATION, 
ALBUQUERQUE, N. M. 7 
Dieruf, Burton E., Staff Member | 


SCHREIBER BROS., ~ 
BEAUMONT, TEXAS 
Schreiber, Charles B., Owner 


SCIENTIFIC DESIGN CO., 
NEW YORK, N. Y. 
Brown, David, Assist. V. P., Devel. 
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ENGINEERS + PHYSICISTS MATHEMATICIANS 


SHOOTING 


FOR THE 
; Sle ... with a rocket, missile or 

STA RS? Se satellite? This is as inevit- 
able as tomorrow. Will 
you be a part of it or just 


an observer? 


A few select engineering 
positions are presently 
available in Republic’s 
growing Guided Missiles 
Division. Openings exist 
for qualified scientists 
with physics or mathe- 
matical backgrounds and 
for engineers, physicists or 
mathematicians with 
physical science back- 
grounds in missiles, air- 
craft, ordnance, fire 
control and related fields. 
For these positions, a 
Bachelor’s degree, or 
higher, is desirable. 


Please send resume to 
Mr. R. R. Reissig, 
Administrative Engineer 


GUIDED MISSILES DIVISION 
AVIATION 


-H KS\ LE, LONG ISLAND, NEW YORK 


SEABOARD AND WESTERN AIRLINES, 
NEW YORK CITY, N. Y. 


Jorgensen, Walter T., Flight Engr. 


SEAMLESS PRODUCTS CO., INC., 
Polikoff, Rouvime B., Vice President 


SELAS CORPORATION OF AMERICA 
DRESHER, PA. 


Beatrice, Joseph V., Design Draftsman 


SEQUOIA PROCESS CORPORATION, 
REDWOOD CITY, CALIF. 


Graham, Beardsley, Executive Vice ‘Pres. 


SERVOMECHANISMS, INC., 
HAWTHORNE, CALIF. 


Zoike, Helmut M., Staff Specialist 
W. S. SHAMBAN & CO., 
CULVER CITY, CALIF. 

Shamban, Wm. S., Gen. Mgr. 
SHELL CHEMICAL CORP., 
NEW YORK, N. Y. 

Houston, Colin Alexander, Sr. Technologist 
SHELL DEVELOPMENT CO., 
EMERYVILLE, CALIF. 

Sorem, Stanley S., Research Supvr. 
SHELL OIL COMPANY, 
WOOD RIVER, ILL. 

Greenshields, Robert S., Director of a; 


“nel 


A. O. SMITH CORP., 
MILWAUKEE, WISC. 


Brock, Harold W., Division Mgr. 


New York, N. Y. honk, 
Moskovics, Frederick E., Indus. Consultant 


SIMMONDS AEROCESSORIES, 
TARRYTOWN, N. Y. 
Enyart, William R., President 
Fishman, Bernard, Project Engr. 


INC., 


S-K-C RESEARCH ASSOCIATES, 
PATERSON, N. J. 


Shaw, John D., President 


SMITH, BARNEY & CO., 

NEW YORK, N. Y 
Harding, Wm. Barclay, Partner 
Titus, Richard H., Security Analyst 


SOCIETE D’ETUDE DE LA PROPULSION 
PAR REACTION, 
PARIS, FRANCE 


Florio, Fernand, Technical Director 


SOCIETE NATIONALE DE CONSTRUCTIONS 
AERONAUTIQUES DU SUD-QUEST, 
PARIS, FRANCE 


Cornillon, Jacques M., US Tech. Rep. 

Delval, Georges T., Attache to Tech. Bd. 

Girard, Jean, Ingenieur en Chef des 
Essais en Vol 

Servanty, Lucien, Chief Engr. 

Vinsonneau, Fernand Gabriel, 
Technique 


Director 


SOCONY MOBIL OIL CO., 
PAULSBORO, N. J. 


Albright, Ralph E., Res. & Devel. Dept. 


SOLAR AIRCRAFT CO., 

SAN DIEGO, CALIF. 
Cremer, George D., Sr. Staff Engr. one 
Oberg, Cyril D., Mgr., Contracts Div. i 
Palmtag, Herbert M., Missile Sales, Corp. 


W. A. SOUCY SCIENTIFIC —_ 
MONTREAL, CANADA - 
Soucy, William A. 


SOUTHERN DAIRIES, 
WASHINGTON, D. C. 


INC., 


Giles, William E., Steam & Refrigeration 


SOUTHWEST PRODUCTS CO., 
DUARTE, CALIF. 


Hackman, K. V., President & Gen. Mgr. 


SOUTHWEST RESEARCH INSTITUTE, 

SAN ANTONIO, TEXAS 

Carlton, Clarence H., Assoc. Chem. Engr. 

Harmon, Fred, Vice President 

Moffitt, John V., Project Engr. 

Warren, Francis A., Propellant Technologist 

Wiegand, James H., Chairman, Dept. 
Chem. & Chem. Eng. 


SPACO, INC., 
NEW YORK, N. Y. 


Kerry, Frank G., Manager 


SPEER CARBON CO., 
ST. MARY’S, PA. 


Harvey, |. L., Service Engr. 


SPERRY GYROSCOPE CO. DIV., 
SPERRY RAND CORP., 
GREAT NECK, N. Y. 
Halperin, Herbert H., Sales Engr. 
Petersen, Norman V., Engr. a ied 
Sammis, Edward, Sr. Engr. ern 
Wheeler, James W., Director, Instrument 
Engng. 


STANDARD OIL CO., 
CLEVELAND, OHIO 


Krause, Warren H., Process Engr. 


STANDARD RAILWAY EQUIPMT. MFG. CO., 
CHICAGO, ILL. 
Stephen J., 


Fraenkel, Director of Research 


STANFORD RESEARCH INSTITUTE, 
MENLO PARK, CALIF. 
Ablow, Clarence M., Mathematician 
Arnold, James S., Physicist 
Casler, William A., Research Coordinator 
Cogswell, S. A., Sr. Economist 
Cook, Charles J., Physicist 
Evans, Marjorie W., Sr. Physicist 
Given, Frank |., Research Engr. 
Hiester, Nevin K., Mgr., Chemical Engng. 
Section 


STAUFFER CHEMICAL CO., 
NEW YORK, N. Y. 


Terlizzi, Paul M., Assist. to Director of 
Market Devel. 


STAVID ENGINEERING, INC., 
PLAINFIELD, N. J. 


Fogel, Lawrence J., Research Consultant 


STE. AIR LIQUIDE, 
PARIS, FRANCE 
DeLorme, Jean, President 
STROUKOFF AIRCRAFT CORP., a é 
TRENTON, N. J. _ 
Stroukoff, Michael, Pres. & Chief Engr. 
STUDEBAKER-PACKARD CORP., 
DETROIT, MICH. 
Hartmann, Donald H., Mer. 
Rodgers, Oliver E., Assist. Gen Mer. 


Contract 


STUTTGART-FLUGHAFEN, 
STUTTGART, GERMANY 
Bolkow, Ludwig, Diplomingenieur 


SUN CHEMICAL CORP., a7 
EAST RUTHERFORD, N. J. 


Sefchik, Francis J. J., Research Chemist 


SUNDSTRAND MACHINE TOOL CO., 
ROCKFORD, ILL. 


Sadler, Carl L., Mgr. _— 


SWEDLOW PLASTICS CO., 
LOS ANGELES, CALIF. 


Face, William H., Contracts Manager 


SYLVANIA ELECTRIC PRODUCTS, INC., 
KEW GARDENS, N. Y. 


Caras, Bernard, Engr. 


SYSTEMS RESEARCH CORP., 
VAN NUYS, CALIF. 

Charyk, Joseph V., V. P. & Cireeter Acro 

physics & Propulsion Div. y 


TACCONE PNEUMATIC FOUNDRY 
EQUIP. CORP., 
NORTH EAST, PA. 


Jones, Robert R., Supervisor 


WALTER DORWIN TEAGUE ASSOCIATES 
NEW YORK, N. Y. 


Teague, Walter Dorwin, Jr., Partner 


TECHNICAL SPECIALTIES, INC., 
COLUMBUS, OHIO 
Pierce, James G., President 


T.£.C.0., LTD., 
TORINO, ITALY 
Robotti, Aurelio C., Mech. & Aero. Engy. 


TELECOMPUTING CORPORATION, 
NO. HOLLYWOOD, CALIF. 


Taylor, Trude C., General Sales Mgr. 


TEMCO AIRCRAFT CORP., 

DALLAS, TEXAS 
Bender, William H., Sr. Oper. Res. Engr. 
Crook, Norman L., Sr. Group Engr. 
Freeman, William B., Tech. Director 
Jones, Robert F., Engr. 
Marx, Howard F., Head, Oper. Analysis 
Palley, I. Nevin, Vice President, Engng. 
Pearson, Chas. Robert, Engng., Des. ‘‘A’ 
Williamson, Robert H., Airplane Des. Engr. 


THE TEXAS CO., 
NEW YORK, N. Y. 
Brown, William H., Laboratory Tester 
Kemp, Lebbeus C., Jr., General Mgr. 
Kuhn, Wayne E., Gen. Mgr., Research & 
Tech. Dept. 


TEXAS METAL AND MANUFACTURING 
Co., INC., 

DALLAS, TEXAS 
Bell, Carroll L., Project Eng. 
Kershaw, George C., Vice President 
McGee, Henry |., President 
Sindelar E. C., Project Eng. 
Smith, Robert J., Jr., Design Study Eng. 


THIEBLOT AIRCRAFT COMPANY, 
BETHESDA, MD. 
Kirby, J. Robert, Chief, Tech. Dept. 
Maloney, William 
Smith, Frank C., Project Stress Engr. 
Washington, D. C. 
Raffel, Zanville M., Project Supervisor 
Thieblot, Armand J., President 


THIOKOL CHEMICAL CORPORATION, 
TRENTON, N. J. 
Ferguson, Harry R., Vice President 
Elkton, Md. 
Guzzo, Anthony T., Chemical Engr. 
Higginson, John, Gen. Mgr. 
Mull, Irvin W., Chemist 
Reilly, Hugh T., Test Engr. 
Stern, Edward S., Process Engr. 
Wilhite, V. H. Bryce, Chief Engr. 


Huntsville, Ala. ; 
Anderson, Frank P., Chemist 39 
Buchanan, Jack, Chief Test Engr. 
Goodloe, John H., Project Engr. 

Lawrance, John O., Chief, Plant Security 
Dept. 
Mebane, William M., Gen. Mgr. 
Myers, Daniel B., Project Engr. 
Nielsen, Paul R., Mech. Engng. 
Nocke, Henry H., Project Chemist 
Portas, William R., Design Engr. 
Ritchey, Harold W., Tech. Director, 
Divisions 
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‘ 
tw 
Divi 
00 | 


IEWART 


ELECTRONICS 


ARNE 


Division of Stewart-Warner Corporation 
00 No. Kostner Ave., Chicago 51, Ill. 


Stewart-Warner Electronics today detects the presence of high- 
performance aircraft, identifies it as friend or foe and can provide 
a warm missile welcome in an instant. 

Research and development at Stewart-Warner Electronics have 
produced these advanced systems. The program is still expanding, 
as are the opportunities for the exceptionally well-qualified engineer. 

Today as yesterday, Stewart-Warner Electronics safeguards our 
skies with tomorrow’s planning and production. 
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SEALOL RESEARCH TEST CELLS 
PROVIDENCE, RHODE ISLAND 


FOUNDATION FOR PROGRESS! 


Within the rugged walls of these 
remote controlled test cells, engineers 
in Sealol’s laboratory are constantly 
testing new seal designs and materials 
. . . under extreme conditions of tem- 
perature and pressure involving liquids 


and gases. 


Progress results of these tests are 
evident in Sealol seals now performing 
in liquid propellant rockets, guided 
missiles, jet and turbo-prop engines, 
and accessory drives of supersonic air- 
craft ...in the United States, England, 
and in Europe. 


Sealol seals are handling mono-pro- 


pellants such as propyl-nitrate; nitro- 


methane; oxidants in the form of hy- 


THE 


BALANCED PRESSURE SEAL San Francisco 


drogen-peroxide, liquid oxygen, fum- 
ing nitric acid; fuels such as alcohol, 
kerosene, gasoline, etc.; and synthetic 
lubricating and hydraulic oils. 


You, too, can benefit by this exacting 
research which is broadening seal 
capabilities . .. in temperature, in pres- 
sure, and in speed. Sealol is the name to 
remember for your rotary shaft sealing 
problems . . . and our engineers will 
gladly help you solve them. Request 
your copy of Bulletin 7 which fully 
describes the Sealol balanced pressure 


mechanical seal. 


SPEED 


TEMPERATURE 


3000 


PRESSURE 
15,000 F P M_ 18,000 


Yy Accomplished 


Now in research 


SEALOL CORP «+ 213 Post Road, Providence 5, R. I. 


Charleston, W. Va. * Chicago * Cleveland * Denver 
Angeles * New York °* Philadelphia 


Houston Los 


Canada Toronto Montreol 
Manchester (Eng.) * Paris * Frankfurt 
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WESTVACO, 
of UDMH, substantially expands its 


production capacity to meet current 
demand. We are now making i 

mediate delivery of commercial 
quantities from Baltimore, Md. as well 


as from South Charleston, W. Va. 


DEVELOPMENT DEPARTMENT 


Westvaco Chlor-Alkali Division 
FOOD MACHINERY AND CHEMICAL CORPORATION 
South Charleston 3, West Virginia 


FMC CHEMICALS INCLUDE: BECCO Perovrygen Chemicals W ACO Alkalis, Chlorinated Chemicals and 
ticides, Fungicides and Industrial Sulphur « OHTO-APEX Plasticizers and Che 


Bisulfide NIAGARA Inse¢ 
TVACO Phosphates, Barium and Magnesium Che 


FAIRFIELD Pesticide Compounds and Organic Chemicals «+ W 
FOOD MACHINERY 


AND CHEMICAL 
CORPORATION 
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The lightest, smallest, mightiest 
storage battery in the world! 


YARDNEY ELECTRIC CORP. 


40 Leonard St., New York 13, N.Y. 
“Pioneers in Compact Power” 
U.S. Patents gronted and pending ©1956 Y.E.C. 


Roberts, Charles S., Jr., 

Weber, Matthew, Jr., 

Wiggins, Joseph W., Chief Engr. 
Marshall, Texas 

Burkett, Thomas W., Admin. Supvr. 


Project Engr. 


Holley, Herschel Q., Propellant Plant Mgr. 


Ignatius, Wm. R., Gen. Mar. 


JOHN |. THOMPSON & COMPANY, 
WASHINGTON, D. C. 


Garner, Robert W., Principle Project Engr. 


THOMPSON PRODUCTS, INC. 
CLEVELAND, OHIO 
Angell, Pierce T., Div. Mgr. 
Aspelin, Leslie L., Engng. Mer. 
Colwell, Archie Trescott, Vice President 
Gregory, John R., Mgr., Aircraft Division 
Hess, Anton, Design Engr. 
Koffel, John K., Product Engng. Mer. 
Kresse, Arthur O., Project Engr. 
Lazo, Luis R., Devel. Engr. 
Pomeroy, Andrew L., Assoc. Director, Staff 
Res. and Devel. 
Rapp, Edward G., Sr. Project Engr. 
Riley, Edward P., Vice President 
Shepard, Horace A., Vice President 


TIMBROL, LTD., 
RHODES, AUSTRALIA 
Ward, Ronald Bentley R., Draftsman 


TRAID CORP., 

SHERMAN OAKS, CALIF. 4 
Macintosh, Mark, Vice President 
Peterson, Rowland F., Sales Mer. — 
Roberts, Fred G., Jr., President | 


TRANS WORLD AIRLINES, bio 
SAN FRANCISCO, CALIF. 


Peck, M. Edward, Transportation Agent 


TRIANGLE PUBLICATIONS, 
PHILADELPHIA, PA. 


Metz, Walter C., Jr. Expeditor 


INC., 


TRU-SCALE, INC., 
WICHITA, KANSAS 


Paul, Lewis A., President 


TUBE REDUCING CORPORATION, 
WALLINGTON, N. J. 

Brown, Graham B., Works Mer. 
TUCSON REALTY & TRUST CO., 
TUCSON, ARIZ. 

Lanctot, John W., Engr. 
TUMORKIN, MORGAN & EMERMAN, 
NEW YORK, N. Y. 

Bridge, James A., Elec. Engr. 


TURBO RESEARCH CORPORATION, | 
SANTA MONICA, CALIF. 
Kimball, John G., President 


UNIFLOW MFG. CO., 
ERIE, PA. 
Bayston, John R., Engng. Consultant 


UNION CARBIDE & CARBON CORP., 
NEW YORK, N. Y. 
Murphy, John J., Director of Patent Affairs 


UNION OIL COMPANY OF CALIFORNIA 
BREA, CALIF. 
Keller, Dr. James L., Sr. Section Leader 
Lakin, Wilford P., Sr. Section Leader 


UNITED AIRCRAFT CORPORATION, 

EAST HARTFORD, CONN. 
Blackman, Arthur W., Jr., Research Engr. 
Dolinger, Sheldon, Analysis Engr. 
Gabron, Frank, Research Engr. 
King, Charles H., Jr., Liaison Engr. 
Kuehl, Donald K., Research Engr. 
Kuhrt, Wesley A., Chief Research Engr. 
Landerman, Abraham M., Analytical Engr. 


Chief Chemical Engr. 


Lee, John G., Director of Research 
Perry, Edward C., Jr., Group Leader 
Pfannebecker, George W., Research Engr 
Terwilliger, Roy L., Assist. Equipment Engr. 

Hamilton Standard Div., 

Windsor Locks, Conn. 


Baker, Carl F., Quality Mgr. 


Pratt & Whitney Aircraft Div., 
East Hartford, Conn. 


Bazzano, Joseph T., Exp. Const. Process 
Planner 

Caouette, Zephirin, Jr. Designer 

Edwards, Shelton H., Test Engr. 

Faitani, Joseph J. Test Engr. 

Horan, John ., Test Engr. 

Lavelle, Joseph E., Design Engr. 

Mongiat, Robert, Design Engr. 

Norman, Neil, Test Engr. 

Parkins, Wright A., Engng. Mgr. 

Rising, Simeon M., Jr., Installation Eng 

Steele, Alan E., Analytical Engr. 

Thompson, Robert A., Exeprimental Te :t 
Engr. 

Verkouille, Robert D., Design Engr. 

Sikorsky Aircraft Div., Bridgeport, Conn. 
Myslak, Thaddeus B., Flight Res. Engr. 
Sikorsky, Igor I|., Engng. Mgr. 


UNITED CONTROL CORP., 
SEATTLE, WASH. 


Newhart, Duane C., Quality Control, Chicf 
Tooling Insp. 


UNITED SASH & DOOR CO., 
WICHITA, KANSAS 


Hoult, Charlies H., President 


U. S. STEEL CORP., CONSOLIDATED 
WESTERN STEEL DIV., 
LOS ANGELES, CALIF. 
Fenninger, Charles R., Contracting Engr. 
Fife, Charles E., Contracting Engr. 
Hester, J. G., Project Mgr. 
Johnson, Morris E., Contracting Engr. 
Klick, M., Chief Engr. 
Paterson, Lawsome, Contracting Engr. 
Ritchey, Randolph, Mgr., Aircraft & Missle 
Div. 
Thompson, J. Greer 
UNITED STATES TIME CORP., 
NEW YORK, N. Y. 
Boehm, Gerhard W., Eastern Sales Mgr. 
VALLEY INSURANCE AGENCY, 
LAS CRUCES, N. M. 
Freudenthal, Louis E., Owner 


VAN DYKE TEXTIGRAPH COMPANY, INC., 
CHATTANOOGA, TENN. 


Van Dyke, William D., Vice Pres., Engng. 
VARD, INC., 
PASADENA, CALIF. 

Kozich, Steve S., Mech. Engr. 


VICKERS, INC., DIV., SPERRY RAND CORP. 
DETROIT, MICH. 

Caulkins, David R. 

Dutton, James M., Application Engr. 


VITRO CORP., 
SILVER SPRING, MD. 


Knox, Thomas B., Assist. Dept. Head 


H. A. WAGNER CO., 
VAN NUYS, CALIF. 
Lahde, Reinhard N., Research Physicist 
Mastrocola, Nicholas, Project Engr. 
Smith, William W., Engr., Electronic & 
Field 
Wagner, Herbert A., Pres. & Chief Engr. 


STEPHEN M. WAGNER, INC., 
ST. LOUIS, MO. 


Wagner, Edward W., Vice President 
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ROCKET MOTOR PLANT 
TO BE BUILTIN | 
NORTHERN UTAH rAH 


=" ~ 


12,000-acre 
plant site acquired — 
for rocket motor | 
development center — 


Near the north shore of Utah’s Great 
Sait Lake a new Thiokol plant will 
soon rise. This latest expansion by 
the Thiokol Chemical Corporation 
will bring to four the total number 
of Thiokol plants devoted exclusively 
to the development and production 
of solid propellant rocket motors. 


Just 84 miles northwest of Salt 
Lake City, the new site is centrally 
located with regard to all major 
western cities. It is convenient to 
both rail and air transportation, yet 
sufficiently isolated to permit the 
testing of the largest rocket motors. 


Thiokol chose this location in order 
to service the growing missile and 
rocket industry in the West. It will 
become Thiokol’s western center for 
all guided missile engines and rocket 
motor development and production. 


LOGAN 


BRIGHAM 
CITY 


Engineers and Chemists — become a OGDEN 
member of Thiokol’s rocket develop- 
ment and manufacturing team. We 
welcome inquiries from mechanical 
engineers, chemical engineers and 
chemists interested in the rocket field. 


ALT LAKE 
CITY 


If you would like more information about 
the Thiokol Chemical Corporation, write on 
your business letterhead for our booklet, 
“From Rubber to Rockets’— the story of 
Thiokol, as a synthetic rubber and rocket 
propellant pioneer. 


THIOKOL CHEMICAL CORPORATION 


780 NORTH CLINTON AVENUE, Rocket Divisions now at 
TRENTON 7, N.J. ELKTON, MARYLAND * HUNTSVILLE, ALABAMA ¢ MARSHALL, TEXAS 
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WALL CRYOGENICS, INC., 
LINDEN, N. J hy 
Meisler, Joseph, Director of Engng. 


WALTER MOTOR TRUCK CO., 
BROOKLYN, N. Y. 

Goodman, Leon J., Design Draftsman 
WARREN BROTHERS ROADS CO., 
CAMBRIDGE, MASS. 

Ehrsam, George W., Sales Mgr. 


WARREN WEBSTER & CO., 
CAMDEN, N. J 


Arlington, Sterling F., Design Engr. a “4 


Webster, Warren, President 


THE WEATHERHEAD COMPANY, i 
CLEVELAND, OHIO 
Allan, William S., Project Engr. 
Gannett, Wright K., Assoc. Director of 
Res. and Devel. 
WEIDER PUBLICATIONS, INC., 
LEVITTOWN, N. Y. 


Hennesey, Hal M., Editorial Director 


GEO. E. WELLS, INC., 
ST. LOUIS, MO. 


Wells, Willis L., President 


WESTERN AIRMOTIVE COMPANY, 
OAKLAND, CALIF. 


Mhoon, S. McKee 


WESTERN ELECTRO-ACOUSTIC 
LABORATORY, 

LOS ANGELES, CALIF. 
Veneklasen, Paul S., Director 


WESTERN ELECTRIC COMPANY, 
NEW YORK, N. Y. 

Link, Arthur C., Project Mgr. 
South Kearny, N. J. 

MacDonald, John F., Field Engr. 


Schroder, William R., Time & Motion Engr. 


Winston-Salem, N. C. 
Kemp, Barron, Assist. Engr. 


WESTERN GEAR CORP., 

LYNWOOD, CALIF. 
Acurso, Louis A., Gen. Supvr., Engng. 
Bannan, Bernard J., Vice Pres., Gen. Mgr. 
Bauer, Richard L., Assist. Supvd., Engng. 
Butterbaugh, Galen P., Project Engr. 


Clark, Gerald |., Engr. 
Morris, John K., Mgr. of Engng. i y* 
: 
WESTINGHOUSE ELECTRIC CORP., 
PITTSBURGH, PA. 
Augustine, Pat R., Atomic Reactor Engr. 
Bergvall, Royal C., Engr. Mer. 
DeLateur, Louis A., Contro! Engr. 
Kropf, Victor J., Assist. to Sales Mgr. 
Way, Stewart, Sec. Mgr., Thermodynamics 
Air Arm Division, Baltimore,Md. 
Bauman, Ralph E., Electrical Engr. 
Ellrod, Harold D., Assist. Sales Mgr. 
McCourt, Andrew W., Mar., Analytical 


Section 
Paz, Joe M., Design Engr. 


Aviation Gas Turbine Div., Kansas City, Mo. 
Hannum, Richard W., Combustion Devel. 
Engr. 
Palmer, Sidney Christian, General Mgr. 
Pouchot, Walter D., Section Engr., Combus- 
tion Devel. 


Electronic Tube Div., Elmira, N. Y. 
Harrod, Harvey T., Mgr., Govt. Contract 
Administration 


Lima, Ohio 
Miner, John D., Jr., Engng. Mer. 


Patrick AFB, Fila. 
Spontak, Joseph, Electronic Engr. 


Youngwood, Pa. 
Le Frois, Richard T., Device Devel. 


WESTINGHOUSE AIR BRAKE CO., 
WILMERDING, PA. 


Hewitt, E. E., Chief Eng. 


Tech. 


WESTREX CO. CARIBBEAN, 
BOGOTA, COLOMBIA, S.A. 


De Boer, Jan Jacob, Mgr. 


J. WHEELOCK ASSOCIATES, 
NEW YORK, N. Y. 


Wheelock, J. A., President 


WHITE-RODGERS ELECTRIC COMPANY, 
ST. LOUIS, MO. 


Durham, Charles Eastman, Chief Admini s- 

trative Engr. 
WILLYS OVERLAND MOTORS, 
TOLEDO, OHIO 


Canady, Ward M., Chrm. Finance Com. 


WILDENSTEIN & CO., INC., 
NEW YORK, N. Y. 
Weber, Clare 


WYANDOTTE CHEMICALS CORP., 
WYANDOTTE, MICH. 
Cuddy, William Anthony, Project Leader 
Graham, Donald A., Mgr. of Contract Res 


WPTzZ, 
PHILADELPHIA, PA. 


Obrien, Richard W., 


YALE STAMPING CO., 
DETROIT, MICH. 


Bagley, Bruce R., Vice President 


YOUNG DEVELOPMENT LABORATORIES, 
INC., 

ROCKY HILL, N. J. 
Smith, Kenneth W., Chief Engr. 


A. M. ZAREM & ASSOCIATES, 
LOS ANGELES, CALIF. ra : 
Zarem, Abe M., Owner on 
al & 


JOHN C. ZOLA LABORATORIES, 
ALHAMBRA, CALIF. 

Zola, John C., Director 


ZELAIR CORPORATION, 
DEFIANCE, OHIO 


Nischwitz, Ned Robert 
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As Higher and Higher Altitudes Are Attained 


STRATOPOWER HYDRAULIC PUMPS ARE THERE... 
AND—NOT JUST FOR THE RIDE! 


Design for tomorrow's aircraft! That's the keynote of the engi- 
neering back of the new STRATOPOWER Hydraulic Pumps. 
Aircraft, Rockets, Guided Missiles or Satellites . . . the PUMP 

. is vital to the successful performance of the project. Engineers 
responsible for the design of hydraulic systems for these ve- 
hicles provide a sure source of Fluid Power with— 


STRATOPOWER 


BS 


AVYORAULIC PUMPS 


Series 65F Fixed 
Displacement Pump 


Series 65W Variable 
Delivery Pump 


9 


e 65F Series Fixed Displacement Pumps and the 65W Series 
able Delivery Pumps are designed to operate dependably 
mperatures in excess of 400°F and at drive speeds of over 
rpm. These Pumps are light in weight and have excep- 
high horsepower/weight ratios. The new STRATO- 
fidesign can easily be adapted to fit special requirements 
to save Space and weight in aircraft and missiles where every 
pound saved is truly more than worth its weight in gold. 


In the air and on the ground, STRATOPOWER Hydraulic 
Pumps assure reliable hydraulic Utility Systems and Boost 
Systems, and add to the high performance requirements of 
Auxiliary Power Units, Radar Scanners and Stabilized Platforms. 


WATERTOWN wivision | 


THE NEW YORK AIR BRAKE COMPANY N 


STARBUCK AVENUE WATERTOWN N.Y. 
INTERNATIONAL SALES OFFICE, 90 WEST ST., NEW YORK 6, N.Y. 


I~ 
WATERTOWN DIVISION 


The New York Air Brake Company 
730 Starbuck Ave., Watertown, N. Y. 


I would like more information on 
STRATOPOWER Series 65 Hydraulic Pumps. 


Name Title 
Company. 

Address. 

City. Zone State 
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FLUSHING, N. Y. 
Amundjen, Einar K., 
DeMarco, Michael F., 
Greenwood, Stuart W., Lecturer 
Hautau, Ralph H., 


Bunker, Leonard R. | 


Durante, Benjamin M. 


Frank, Anthony J. 
Goldstein, Leonard 
Havriliak, Alexander 


Janovsky, Robert E. 


ARKANSAS, UNIVERSITY OF, FAYETTEVILLE, ARK. 


BOSTON UNIVERSITY, BOSTON, MASS. 


Myers, William A. 


BROOKLYN COLLEGE, BROOKLYN, N. Y. 


BROWN UNIVERSITY, PROVIDENCE, R. I. 
, Paul F., Prof of Engng. 


BUFFALO, UNIVERSITY OF, BUFFALO, N. Y. 


Beswick, Richard 
Murphy, Richard P. 


Romanczuk, Walter 


Penner, S. S., Associate Professor of Jet Propulsion 
Williams, Max L., Jr., Associate Professor of Aeronautics 
Zwicky, Fritz, Professor of Astrophysics 


Jet Propulsion Laboratory 

Altman, David, Chief, Chemistry & Physics Section 
Atkisson, James B., Magr., 
Barker, Calvin L. R., Research Engineer 

, Gilbert L., Engineering Group Supervisor 

Bolton, Marquis W., Engineer, Jet Propulsion Laboratory 
Bowersox, Ralph B., Research Group Leader 
Engineering Specialist 

Cole, Charles W., Chief, Design & Development — 
Section Chief 


Mechanics 


Briglio, Anthony Jr., 


Cummings, Clifford |., 


EDUCATIONAL INSTITUTIONS 


ACADEMY OF AERONAUTICS, LA GUARDIA AIRPORT, 


Kocka, Ronald F. 

Lange, Norman 

Harrell 
Marmorale, Anthony 


Mereness, Donald S. 


Metz, Thomas 
Mittelhammer, Jr. 
Montusi, Robert R. 
Paulos, George 
Popolo, Joseph J. 
Ragusa, Michael P. 
Salvato, Vito C. 


Schneiderman, Gordon R. 


Schnur, Albert P. 
Shapiro, Harold 
Smith, John J. 


Sweeney, Edward F., Jr. _ 


Tierney, James A. 
Varvaro, Anthony J. 


Weseliza, Maurice A. 


AMERICAN INTERNATIONAL COLLEGE, SPRINGFIELD, MASS. 


Shafran, Allen J. 


Sugarman, Michael N. 


Vasilion, Peter 


CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CALIF. 
Dauwalter, Chadwick S., Graduate Student 


Ladd, Alvin W. 
Williams, Forman A. 


Gerard W., Jr., Research Engineer 


Lester H., Development Engineer 


Froehlich, Jack E., Division Chief, Guided Engineering 
Fuhs, Allen E., Graduate Research Assistant 

- Gernandt, Herbert H., Engineering Designer 

Hall, Kimball P., Senior Research Engineer 

Harrje, David T., Research Engineer 

Haurlan, Peter N., Chief, Military & Industrial Services 
_ Hazard, Allyn B., Propulsion Supervisor 
_Lang, Theodore E., Draftsman-Designer 
Nielsen, Julian J., Engineer 

Ofer, Joseph T., Senior Industrial Engineer 


Powell, Walter B., Engineering Specialist 
Richardson, Al, Technical Writer 

Robillard, Geoffrey, Section Chief, Solid Rockets 
“Rowe, Robert F., Chief of Propulsion Section 
Rupe, Jack H., Senior Research Engineer 
Shafer, John I., Staff Engineer 

Stipe, Chester R., Research Engineer 

Talbert, John Wilkie Jr., Senior Field Engineer 
Typaldoz, Z. A., Research Engineer 

Wilson, Earl L., Development Engineer 

Wolfe, Allen E., Research Engineer 

Wright, F. Hamilton, Senior Research Engineer 
Zucoski, Edward E., Research Engineer 


CALIFORNIA, UNIVERSITY OF, BERKELEY, CALIF. | 
Morrison, Donald C., Research Chemist 
O’Brien, Morrough P., Dean 
Oppenheim, Antoni K., Associate Professor of Mechanical Engng. 
Riggs, Ramon Winston 
Students 
Brown, James E. 
Conel, Carol L. 


Haughian, James M. 
Klamt, Robert H. 
Dorman, Burton P. : Lear, Charles W. 

Gerdes, Ronald Mampre =. as Levenson, Leonard Lionel 
Goldenberg, Alfred D. Silva, Richard W. 


CALIFORNIA, UNIVERSITY OF, DAVIS, CALIF. 
Leonard, Arthur S., Specialist: Agriculture and Lecturer 


CALIFORNIA, UNIVERSITY OF, LIVERMORE, CALIF. 
Mills, Mark M., Head, Theoretical Division 


CALIFORNIA, UNIVERSITY OF, LOS ANGELES, CALIF. 
Kaplan, Joseph, Professor of Physics — 
Students 


Bennett, Kelly Ry 
Gross, Bernard 
Yakow, Gilbert 


CALIFORNIA POLYTECHNIC INSTITUTE, SAN LUIS OBISPO, CALIF. 
Student 
Dean, James M. 


CARNEGIE INSTITUTE OF TECHNOLOGY, PITTSBURGH, PA 
Archer, David H., Assistant Professor : 


Student = 
Bane, James Jr. 
CASE INSTITUTE OF TECHNOLOGY, CLEVELAND, OHIO > 
Burlage, Henry Jr., Director, Propulsion Laboratory : 
Students 
Eckstein, Royal W., Jr. Sabolic, Victor V. _— 
Fraver, William C. Winter, Henry (oe 
CENTRAL STATE COLLEGE, EDMOND, OKLA. 
Student 
Dukeminier, Johnny W. 7 
CHICAGO, UNIVERSITY OF, CHICAGO, ILL. | 
Student 
Sagan, Carl E. i ats 


CINCINNATI, UNIVERSITY OF, CINCINNATI, OHIO 


Elnan, Odin R. S., Instructor, Aero Engineering 
Kettling, George E., Graduate Student 


{ 
5 
Terry, David, Instructor 
~ Students 
Alvarez, Raoul pit 
Augost, Arthur 
Baetz, Harold F. 7 
Buxo, Vincent M. = 
Buxton, John A. 
Cooper, Joseph 
Corso, John S. 
Dennis, John E. 
Fingeret, Harold 
Heim, Don 
Hijic, Thon 
Katz, Arthur 
Knissel, Eugene A 
Student 
Ivory, John 
Miller, Bria L 
Role 
é ’ 
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| 
Harshbarger, Frederick C. 


Rivers, Jack L., Physicist . 
Student 
Hood, Hershel O. 


ws 


CITY COLLEGE OF NEW YORK, NEW YORK, N. Y. 
Students 


Dunkel, Harry 
Grosewald, Peter 
Millan, Raul 


Student 
Maxwell, Kenneth A. 


CLARK UNIVERSITY, WORCESTER, MASS. 
Student 
Morin, Wilfred W. 


COLORADO, UNIVERSITY OF, BOULDER, COLO. 


Aoderson, Milton D., Aero. Powerplant Development Engineer 
Znmerer, Robert W. 


COL JMBIA UNIVERSITY, NEW YORK, N. Y. 
V-siliu, John, Research Engineer 
Huebner, Albert L. C. 


Kallis, Stephen A. 
COLUMBIA UNIVERSITY, NEW YORK, N. Y. 
institute of Flight Structures lakes = 
Bleich, Hans H., Director 
= 
Students 


Dillon, Oscar W. 
Sackman, Jerome L., Guggenheim Fellow 
Shaw, Richard Paul, National Science Foundation Fellow 


COOPER UNION SCHOOL OF ENGINEERING, NEW YORK, N. Y. 
Students 


Phillips, Michael 
Rosengarten, Jacob 


CONNECTICUT, UNIVERSITY OF, STORRS, CONN. 
Students 


Dunnebier, Conrad E. 
Perkins, Lincoln C. 


CREIGHTON UNIVERSITY, OMAHA, NEBRASKA 
Student 


Slaughter, John C. le 


DARTMOUTH COLLEGE, HANOVER, N. H. rn dna 
Browning, James A., Assistant Professor of Mechanical Engng. 
Student 
Blair, Robert G. 


6) 
, DEFIANCE COLLEGE, DEFIANCE, OHIO 
» = 
Student 
Noble, John D. 


DREXEL INSTITUTE OF TECHNOLOGY, PHILADELPHIA, PA. | 


Holston, Robert E. ‘ 
Fad 


DUSABLE HIGH SCHOOL, CHICAGO, ILL. 
Lucus, James W., Physics Instructor 


FENN COLLEGE, CLEVELAND, OHIO xi 
Student 
Lorenzo, Carl F. 
GEORGIA INSTITUTE OF TECHNOLOGY, ATLANTA, GA. mame 


Students 


Ewell, Jack 
Friedrich, Benno C. 
Schalow, Peter S. 


GEORGE WASHINGTON UNIVERSITY, FREDERICK, MD. 


Comstock, Richard V., Senior Research Technician ies 
HARVARD UNIVERSITY, CAMBRIDGE, MASS. 


Ross, Stanley 


HUNTER COLLEGE, BRONX, N. Y. 
Student 
Delaney, Michael J. 


ILLINOIS, UNIVERSITY OF, URBANA, ILL. 
Students 

Johnson, Eric K. 

White, Raymond E., Jr. 
Young, Stanislaus K. P. 


INDIANA TECHNICAL COLLEGE, FT. WAYNE, IND. 
Baker, Norman L., Graduate Student 7 


Students ae 


Adams, Edward W. Rep? Hunt, Harold E. 

Bakow, Leon ay Katanik, Michael 

Beltran, Henry - Kwaczala, Charles Joseph Jr. 
Bowers, Paul L. McFarland, Stanley 
Brinckerhoff, Richard C. Merlino, Harry D. 
Brobst, John A. Parlante, Elmer J. 
Brown, Vernay L. Parman, Payton E. 


Cavanagh, Joseph F. Paviou, George 
= Censak, Robert J. : Pierson, Rex E., Jr. 
Couture, Warren A. Rathmell, Alfred R. ret 


Rowe, Kerns E. 
Schornstein, Robert J. 
Seasholtz, Frank D. 
Semeniuk, George M. 
Storlee, Manly L. 
Stults, Marion B. 
Styne, Henry E. 


Culp, Donald William 
Dawley, Richard E. 
Dunkelberger, William R. 
Gerhardstein, Kenneth R. 
Gilbertson, John E. 
Grepke, Harry A. 

Gurski, Guy S. 


Hart, Richard H. Urdaneta, Iidemaro 
Herald, Paul D. _ Wadekamper, Lloyd R. 
Holl, Richard M. <>, Winchester, William G. 


Woodridge, Roy D. 
Zadel, Anton J. 


Hughes, Ronald D. 
Hunkler, L. Thomas 


INTERNATIONAL BUSINESS COLLEGE, FT. WAYNE, !NDIANA 


Student 
Kraick, George A. 7 


THE JOHNS HOPKINS UNIVERSITY, BALTIMORE, MD. 


Applied Physics Laboratory 
Berl, Walter G., Chemist 
Dembrow, Daniel W., Chemist 
; Elward, Joseph F., Assistant Engineer 
Gibson, Ralph E., Director 
ia Robert J., Associate Engineer 
"Steams, Ernest E., Assistant Engineer 


Stearns, Russell C., Design Draftsman 
Yeh, Hsuan, Associate Professor 


KENTUCKY, UNIVERSITY OF, LEXINGTON, KY. 
Lange, Karl O., Professor Mechanical Engineering 


LAWRENCE INSTITUTE OF TECHNOLOGY, HIGHLAND PARK, MICH. 
Student 
East, George B. 


LEE COLLEGE, BAYTOWN, TEXAS © 
Student 
Hamilton, Jerry 


LEHIGH UNIVERSITY, BETHLEHEM, PA. 
Students — 
Anastos, Philip M. 
Cosgrove, George J. 


LOS ANGELES CITY COLLEGE, LOS ANGELES, CALIF. 
Students 
Cohen, Donald 
Harris, Alvin M. 

LOS ANGELES STATE COLLEGE, LOS ANGELES, CALIF. 
Johnston, Stewart A., Chairman, Division of Natural Sciences 
Student 
Chenoweth, Halsey B. 


MARYLAND, UNIVERSITY OF, COLLEGE PARK, MD. 
Singer, S.F., Associate Professor of Physics 
Student 
Schindler, William R. 


MIAMI, UNIVERSITY OF, CORAL GABLES, FLORID. ig 
Student 
Lowenthal, William S. 


~ 
cit SAN FRANCISCO, SAN FRANCISCO, CALIF. 
7 
a 
a 
¢ 
121 


MASSACHUSETTS, INSTITUTE OF TECHNOLOGY, 
CAMBRIDGE, MASS. 
Darling, Bradford, D.I.C. Staff Member 
Divone, Louis V., Graduate Student 
Finston, Morton, Assistant Professor, Aeronautical Engineering 
Li, Yao T., Associate Professor 
Mar, James W., Assistant Professor mal 
Prigge, John S., Jr., Project Leader ate 


Sandorff, Paul E., Associate Professor 
Wrigley, Walter, Deputy Director, Associate Professor 


Lincoln Laboratory, Lexington, Mass. 


Stacey, Joseph M., Staff Member haa en 
Cameron, Donald A. 
Dworak, Richard G. 
Jewell, William S. 


Larson, Kenneth B. 
Luhrmann, George W., Jr. 


MICHIGAN, UNIVERSITY OF, ANN ARBOR, MICHIGAN jive 
Adamson, Thomas C., Jr., Assistant Professor intel 


Broadwell, James E., Associate Professor 

Cullen, Robert E., Associate Research Engineer 

Folsom, Richard G., Director, Engineering Research Institute 
Hicks, Henry A., Associate Research Engineer 

Lay, Manchiu D. S., Teaching-Fellow 

Morrison, Richard B., Assistant Professor. Aero. Engng. & Supvr. 
Nicolaysen, Emil, Research Assistant 


Students 


Aoki, Kazuhiko 

Arkin, Herbert Jr. 
Barr, Bradford F. 
Bevelheimer, Bruce L. 
Brannon, Paul J. 
Braunstein, Robert 
Buckley, Paulita A. oy 
Bullock, J. B. 
Denman, John B. 
Freeman, George L. 
Gibson, John H. 
Kovar, Robert P. 
Kroy, Ralph E. 


Moore, Fred W. 
Muhrlein, Harold A., Jr. 
Naugle, Gerald R. 
Pierson, Arthur H. 


Robinette, Cifford A. 
Shedowsky, James P. 
Signor, Richard W. 
Stier, Robert M. 


Ward, James E. 
MICHIGAN STATE COLLEGE, EAST LANSING, MICH. 


Student 
Van Vechten, C. Thomas 


MINNESOTA, UNIVERSITY OF, MINNEAPOLIS, MINN. 


Chang, Chieh Chien, Professor of Fluid Mechanics aa. 


Earle, Albert P., Assistant Professor ~— 
Eckert, Ernest R. G., Professor of Mechanical Engineering 
Hartnett, James P., Assistant Professor of M. E. 

Ibele, Warren E., Assistant Professor 

Irvine, T. F., Instructor 

Liu, Tung-Sheng, Scientist 
Spilhaus, Athelstan F., Dean 
Students 


To 
Brandt, Charles A. Horswill, James W. _— 
Butter, Charles D. : Lindberg, Paul A. 
Cordes, William A. 7 Madison, Lee P. Drv. 
Dorman, Frank D. Mills, James L. 


Frediund, Norton 
Grant, Kenneth O. 


Pearson, Merwin D. 


Stankevics, Janis O. A. 


MISSISSIPPI, UNIVERSITY OF, UNIVERSITY, MISS. 
Student 


Harper, Alfred Y. 


NEWARK COLLEGE OF ENGINEERING, NEWARK, N. J. 

Rose, Robert H., ‘2nd., Assistant Professor 

Students 

Hart, Alexander 

Neiss, Edward S. 


NEW MEXICO COLLEGE OF A & M ARTS, STATE COLLEGE, N. M. 


Bean, Stewart P., Assistant Chemist 
Carbine, Ivan L., Associate Electrical Engineer 


Hart, Leon C., Administrative Assistant 


Hennigh, Keith E., Assistant Mathematician . 
Moore, R. Gilbert, Associate Engineer 

Mozer, Charles F., Laboratory Assistant 

Sherburne, Russell K., Chief Physicist 

Tombaugh, Clyde W., vane Investigator Satellite Search 


NEW ENGLAND INSTITUTE FOR MEDICAL RESEARCH, 


Nicholls, James A., Instructor 

Rice, Paul J., Research Associate 

Sellars, John R., Assistant Professor Aero Engineering 

Weir, Alexander, Jr., Associate Research Engineer 


Pietros, Roger W. 
Radd, Herbert E. 
Rademaker, Jack R. 


Tillian, Donald J. tet: 
Warrick, Stuart C., Jr. 
Willis, Jerry A. 


Allin, Kenneth F. 
Fortney, Lioyd R. 
Guild, Calvin C. 
Merewether, Edward K. 


RIDGEFIELD, CONN. 
Heller, John H., Executive Director 


NEW YORK UNIVERSITY, NEW YORK, N. Y. 


Charnoff, Lorraine, Teaching Fellow 

Gilstein, Jacob B., Research Associate 

Happel, John, Professor and Chairman, Department of 
Chemical Engineering 

Maccarone, Michael B., Instructor Mechanical Engineering 

Marsel, Charles J., Associate Professor Chemical Engineering 

Winternitz, Paul F., Research Professor of Chemical Engineering 


Students 


Barkan, Marvin D. 
Barrett, James 
Chaplin, Leo J. 


Greenberg, Nathaniel F. 
Hartofilis, Stavros A. 
Kamenecka, Henry 

Cullinane, Henry J. Kramer, Simon B. 

Da Puzzo, Andrew V. Ladden, Richard M. 

Drechsel, Charles N. ad Multer, Martin H. 

Goldberg, Leon - Nicolaides, Nicolas 

Gordon, Gilbert Spiegler, Stuart D. j 
Gottlieb, Lawrence K. 


Student 
Gilpin, Scott R. 


NORTH CAROLINA, UNIVERSITY OF, CHAPEL ‘HILL, NO. CAROLINA 


Shawcross, William E. 


NORTH DAKOTA, UNIVERSITY OF, GRAND FORKS, NO. DAKOTA 


Student 
Walter, Gordon L. 


NORTHROP AVIATION INSTITUTE, INGLEWOOD, CALIF. = 


Reid, Charles T., Director of Engineering 


NORTHWESTERN UNIVERSITY, EVANSTON, ILL. 


Cambel, Ali Bulent, Associate Professor of Mechanical Engineering 
Fenske, Russell W., Graduate Student 
Schaffer, Allan, Research Fellow 
Ziemer, Richard W., Research Fellow 
Students 

Bohrer, Lionel C. 


Ross, Peter A. 


Jovanovic, Milan K. Smith, Charles H. > 
NOTRE DAME, UNIVERSITY OF, SOUTH BEND, IND. 
Student 


Rohrbach, George Edward 


OHIO STATE UNIVERSITY, COLUMBUS, OHIO 


Bollinger, Loren E., Research Associate 
Edsa, Dr. Rudolph, Associate Professor (Supvr. of Rocket Lab.) 


Students 
Bender, Rudolph Ill 


Hendricks, Robert C. 


Worley, John B. 


ORANGE COUNTY COMMUNITY COLLEGE, MIDDLETOWN, N. Y. 


Student 
Farningham, Gilbert D. 


OREGON, UNIVERSITY OF, EUGENE, OREGON 


Draganov, Samuel M., Alcoa Research Fellow in Physicat Unem. 


PARKS COLLEGE OF AERO. TECH., EAST ST. LOUIS, ILL 


Trefny, Richard B., Director, Aero. Engineering Department 


Students 
Aman, Arvis A. Figueras, Richard Caw 
Anderson, Dale A. Garrison, Stephen 
Atkins, Kenneth L. Hargadon, Vincent J. - 
Augustyniewicz, Stanley W. Jasinski, Richard B. sini 


Bindon, Guy A. J. 
Brooks, Roger R. 
Brown, Francis M. 
Butkewicz, Peter J. 
Carter, Vondell 


Johnston, Galen E. 
Kelly, Joseph F., Jr. _—— 
Koegel, Robert J. ; 


Koelling, Jerry J. 
Kolcsey, Stephen J. 
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James M., Jr. ‘Petrick, 
Morse, Charles 

Newmann, Richard D. 
Panek, Gerald 

Pellish, Stephan P. 


Walker, Harry W. 
Williamson, Jerry L. 
Winter, Fintan J. Jr. 


PASADENA CITY COLLEGE, PASADENA, CALIF. 


Student 
Crowe, Thomas J. = 


THE PHILLIPS EXETER ACADEMY, EXETER, N. H. 
Glassman, Edward B., Administrative Assistant to the Secretary 


PITTSBURGH, UNIVERSITY OF, PITTSBURGH, PA. 
Frank, James H. 


POLYTECHNIC INSTITUTE OF BROOKLYN, BROOKLYN, N. Y. 
Agosta, Vito D., Associate Professor Mechanical Engineering 
Torda, T. Paul, Professor, Mechanical Engineering 
Students 
Allen, Frederick H. 
Augart, Paul T. 


Nelson, John R. 
Ortloff, Charlies R. 
Cardullo, Mario Wm. - Peinemann, Manfred 
Clark, James W. -Peschke, William T. 
Codispoti, Joseph J. -Rahkonen, Paavo J. 
Cohen, Edward C. Randazzo, Donald J. 
Collins, Paul J. Schneider, Allen J. 
Faherty, Martin P. Schuyler, Fred 
Callagher, Robert D. Schwaninger, John E. 
hhiindin, Harvey J. Shatz, Bernard 
Lardner, Thomas Simons, Stevens 
Mangels, Alfred J. Stember, Jerome A. 
Mariano, Charles F. Toma, Richard 
Morin, Donald G. Vincente, Francis 
Mootschnik, David L. Watman, Herbert 


PRATT INSTITUTE, BROOKLYN, N. Y. 
Student 
Chiei, Leon 


PRINCETON UNIVERSITY, PRINCETON, N. J. 
Bass, Robert W., Dept. of Mathematics 
Brooks, Arnold, Gerard Swope Fellow at Princeton University 
Bruck, H. W., Research Assistant 
Cheng, Sin-l, Assistant Professor 
Crocco, Luigi, Robert H. Goddard Professor 
Fisher, Marshall H., Librarian 
Glassman, Irvin, Assistant Professor we 
Grey, Jerry, Assistant Professor 
Hilliard, Frederick E. R. D., Research Assistant 
John, James E. A., Research Assistant 
Kidd, Stephen, Engineering Manager 
Kovitz, Arthur A., Research Assistant, James Forrestal Research 

Center 
Layton, James P., Chief Jet Propulsion Research Engineer, James 
Forrestal Research Center 
Marrone, Paul V., Research Assistant, Forrestal Research Center 
Marshall, Otis W., Jr., Rocket Research Engr., James Forrestal 
Research Center 
Matthews, George B., Res. Assist., Forrestal Research Center 
Pitkin, Edward T., Air Reduction Co. Fellow, Forrestal Res. Cntr. 
Scala, Sinclaire M., Research Fellow 
Smith, Maurice H., Assist. to the Director, The James Forrestal 
Research Center 
Summerfield, Martin, Professor 
Thomas, John P., Lead Technician, James Forrestal Research Cntr. 
Vega, Jose W., Assistant in Research, Forrestal Research Center 
Students 
Condit Ralph H. 
Goldburg, Arnold 
Hirschkron, Robert 
McAlevy, Robert F., Ill 


Rosen, Gerald H. 
Rosner, Daniel E. 
Schreier, Stefan 


PUERTO RICO, UNIVERSITY OF, RIO PIEDRAS, PUERTO RICO 
Davila-Aponte, Jesus, Cosmic Ray Research Associate 


PURDUE UNIVERSITY, WEST LAFAYETTE, 


Bottorff, James A., Research Assistant 
Bowlin, Robert C., Research Assistant 
Brandes, Donald J., Research Assistant 
Diamond, Philip M., Research Assistant 
Elliott, David G., Graduate Student 
Feuer, Henry, Associate Professor 
Graham, Alfred R., Research Assistant 
Miele, Angelo, Associate Professor 


Vincze, John 


Osborn, pine Mi, R, Research Assistant & Instructor 
Reese, Bruce A., Associate Professor of Mechanical Engineer 
_ Smith, Richard D., Research Assistant 


Warner, Cecil F., Professor of Mechanical Engineering 
Wolf, Helmut, Research Assistant 
Zucrow, Maurice J., Professor of Gas Turbine & Jet Propulsion 


Students 
King, William Ray an 


Andrews, John F. 
Baggett, Philip J. Kneer, Dietrich H. ae 
Lordi, Nicholas G. eo 


Barker, Walter M 
Bigelow, Edward B. McAllister, Thomas R. 


Blanchard, Philip W. 7 Miller, Franklin E. 
Bonewits, Richard E. Moss, David E. 
Brant, William W. > =, Munyon, Wayne H. 
Bruner, Buddy L. Oetting, Robert B. = 
_ Bryant, Robert L. Oliver, James S. 
7 Bunyak, Ronald S. Osborne, David A. 
Carlson, Walter H. Parfitt, Vaughn R. 
Cirineo, Fred V., Jr. Patterson, Allen C. 
Fred J. Pruvenok, Andrew J. 


Saaris, Gary 

Schiewe, Robert M. 
Such, Ronald W. 
Swartwout, Thomas R. 
Swingle, Robert L. 
Tall, Wayne A. 

Tarnow, Herinan E. 
Thomason, Dennis P. 
Gaubate, William A. Unger, Charles M. 
Glahe, Fred R. Utvik, Donald H. 
Gross, Joseph F. Vail, Gordon T., Jr. 
Hook, Donald W. Whitlock, Larry K. 
Janes, Chesterfield H., Jr. Willer, David E. 

Jetta, Norman W. Witherspoon, James D. 
Karges, Charles E. Zambo, Steve P., Jr. 


= Guy F. 
Crabtree, Donald 

Davidson, Allen R., Jr. 

Davis, John T. R. 

Drynan, Ronald D. 

Eckert, John A. 

Fitch, Hubert 

Forsmo, Dennes 


RENSSELAER POLYTECHNIC INSTITUTE, TROY, N. Y. 

Foa, Joseph V., Professor of Aeronautical Engineering 

Lopez, Henry J., Research Assistant 
Oskay, Vural, Graduate Assistant ae 
Mattice, Hubert C., Assistant Professor of Aero. Engineering 
Zabielski, Chester V. 


Students 


Christman, Clyde C., Jr. 
Raney, Russe 


RHODE ISLAND, UNIVERSITY OF, KINGSTON, R. I. 
Hagist, Warren M., Assistant Professor of Mechanical Engineering 


ROCHESTER, UNIVERSITY OF, ROCHESTER, N. Y. ¥s 


Students 

Huzzen, Carl 
Richey, Willis D. 
Roberts, Richard W. 


SACRAMENTO JR. COLLEGE, SACRAMENTO, CALIF. 


Student 
Gliebe, Robert L. 


ST. PROCOPIUS COLLEGE, LISLE, ILL. 
Students 
Beatty, Donald F. 
Schima, Francis J. 
ST. LOUIS UNIVERSITY, ST. LOUIS, MO. — 
Julius, Anthony L., Jr. 


SAN DIEGO STATE COLLEGE, SAN DIEGO, CALIF. 
Student 
Dahike, Hans J. 

SAN FRANCISCO STATE COLLEGE, SAN FRANCISCO, CALIF. 
Rose, Gerald A. 


SAN MATEO HIGH SCHOOL, SAN MATEO, CALIF. 
Walker, Lloyd A., Mathematics & Physics, Electronics Instructor 


SANTA MONICA CITY COLLEGE, SANTA MONICA, CALIF. 
Student 
Clinger, Gene E. 


SOUTHERN CALIFORNIA, UNIVERSITY OF, LOS ANGELES, CALIF. 


Student 
Hanewinckel, Doyle Jr. 
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SOUTHWESTERN LOUISIANA INSTITUTE, LAFAYETTE, IND. 
Chieri, Pericle A., Head, Mechanical Engineering Department 


STATE TEACHERS COLLEGE, FITCHBURG, MASS. 
Student 
Millea, Leo Jr. 


STANFORD UNIVERSITY, STANFORD, CALIF. 
Kline, Stephen J., Assistant Professor 
Student 
Mraz, Charles L. 


STEVENS INSTITUTE OF TECHNOLOGY, HOBOKEN, N. J. vou 
Students oe 
Cassidy, Thomas F. = 
Hoffman, Austin J. 

SYRACUSE UNIVERSITY, SYRACUSE, N. Y. 
Argyris, Thomas S., Assistant Professor Zoology 7 
Jacobi, William M., Research Associate, Chemical Engineering Dept. 
Werner, Julius M., Professor Mechanical Engineer 
Leibson, Melvin J., Research Assistant 
Macafee, Irvin M., Jr., Research Assistant 
Walker, E. J., Research Associate 
Students 
Cary, Reuben E. 
Keena, Frank J. . 


TEMPLE UNIVERSITY, PHILADELPHIA, PA. 
Doyle, William L., Director, High Temp. & Rocket Labs. 
Student 
Bocher, Herman W. 


TENNESSEE A and | STATE UNIVERSITY, NASHVILLE, TENN. 


Ellis, Robert A., Jr., Professor of Physics 


TOKYO, UNIVERSITY OF, TOKYO, JAPAN ’ 
Kumagai, Seiichiro, Professor, Director of Engineering 


TEXAS, UNIVERSITY OF, AUSTIN, TEXAS 
Keith, Arlando B., Graduate Student and Teaching Assistant 
Scanlan, Jack A., Assistant Professor of Mechanical Engineering, 
Associate Director, Engines Research Labortory 


TUFTS UNIVERSITY, MEDFORD, MASS. 
Gibb, Thomas R. P., Jr., Associate Professor & Director Sponsored 


Research, Chemistry 


Students 
Marvin, Addison L., Jr. 
Reichenbach, Frank M. 
Schlesinger, Robert M. 
TULANE UNIVERSITY, NEW ORLEANS, LOUISIANA 
Hamblen, David P. 
Whitaker, William A. 
Student 


Cabell, Joseph B., Jr. 


UNION COLLEGE, SCHNECTADY, N. Y. 


Fox, Augustus H., Professor of 
Student 


Baltay, Charles 


UNITED STATES MILITARY ACADEMY, WEST POINT, NLY. 
Student 
Sellers, R. C., Jr. 


UNITED STATES NAVAL ACADEMY, ANNAPOLIS, MD. — 
Student 
Jenson, Gunnar S. 


UTAH, UNIVERSITY OF, SALT LAKE CITY, UTAH 
Student 
Liddle, Sidney G. 


VANDERBILT UNIVERSITY, NASHVILLE, TENN. 
Student 
Richardson, Edward H. 


VIRGINIA, THE UNIVERSITY OF, CHARLOTTESVILLE, VA. 
Scott, John E., Jr., Associate Professor of Aero. Engineering 


VIRGINIA POLYTECHNIC INSTITUTE, BLACKSBURG, VA. _ 
Student 
Healy, Gerald S. 


WASHINGTON, UNVERSITY OF, SEATTLE, WASH. salen 


Brunner, William L. 

Fisher, James H., Assistant Professor a 
Marble, Duane F. Research Assistant 

Student 

Tauber, Michael E. 


A? 
WASHINGTON UNIVERSITY, ST. LOUIS, MO. — = 
Michaels, Frank H. 


WAYNE UNIVERSITY, DETROIT, MICH. 
Donnelly, Harold Geo., Dept. Head Chemical & Metallurgica! 
Engineering 
Inger, George R., Instructor 
Locke, Arthur A., Professor & Head, Dept. of Aeronautical Eng: 
Rutkowski, Joseph 
Thornhill, Robert B., Instructor 


WESTCHESTER COMMUNITY COLLEGE, WHITE PLAINS, N. Y. 


Student 
Kass, Charles L. 


WHITMAN COLLEGE, WALLA WA!LA, WASHINGTON 
Student 
Lewe, Chong K. 


WICHITA, UNIVERSITY OF, WICHITA, KANSAS 


Students 7 


Feirson, Sanford D. 
Gerteis, Robert L. 
Henderson, David M. 
Shaffer, Ronald L. 
WISCONSIN, UNIVERSITY OF, MADISON, WIS 
Students 


Borman, Gary L., General Motors Fellow 
Fenske, Ronald G., 


XAVIER UNIVERSITY, CINCINNATI, OHIO 
Student 
Bowie, Donald R. 
YALE UNIVERSITY, NEW HAVEN, CONN. 
Student 
Winston, Herbert 


FOREIGN 


VIENNA, UNIVERSITY OF, VIENNA, AUSTRIA 
Hecht, Dr. Friedrich, Professor 


BRUXELLES, UNIVERSITE OF, BRUXELLES, BELGIUM 
Vandenkerckhove, Jean A., Assistant 


TECHNISCHE HOCHSCHULE, STUTTGART, GERMANY 
Student 
Koelle, Dietrich E. 


MUNICH, UNIVERSITY OF, MUNICH, GERMANY 
Schuette, Karl, Professor 


TECHNION, ISRAEL INSTITUTE OF TECHNOLOGY, HAIFA, ISRAEL 
Shafer, H. Jerome, Senior Lecturer as | 


TOKYO, UNIVERSITY OF, TOKYO, JAPAN 
Hikita, Tsutomu, Professor, Faculty of Engineering : 
Itokawa, Hideo H. |., Professor, Institute of Industrial Science 
NORTHAMERICAN STUDIES, INSTITUTE OF, BARCELONA, SPAIN 
Mateu, Pedro, Astronomer 


CHULALONGKORN UNIVERSITY, BANGKOK, THAILAND 
Student 
Nilacupta, Prayote 


ROBERT COLLEGE ENGINEERING SCHOOL, ISTANBUL, TURKEY 


Blair, Philip M., Assistant Professor of Thermodynamics and 
Heat Power 
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ALABAMA : 
~ 
MAYWELL AIR FORCE BASE 


REDSTONE ARSENAL 


Foley, James, Major 


TED STATES GOVERNMENT 
(By States) 


CALIFORNIA 


AMES AERONAUTICAL LABORATORY, NACA, MOFFET FIELD 


Bandettini, Angelo, Aeronautical Research Scientist 
Eggers, Alfred J., Chief, 10 by 14 inch Supersonic Wind Tunnel Br. 
Havill, C. Dewey, Aeronautical Research Scientist 


Accashian, John, Stress Analyst, Structures Dept. 
Betts, Robert Earl, Chemical Engineer 

Boehm, Josef, Chief, Guidance Design Section 
Control Lab. 

-adspies, Robert W., Private, 

amlet, James B., Power Plant Devel. Engr. 
-ooks, Everett S., Guided Missile Project Engineer 
itler, Earl M., Deputy Systems Mgr. 

ampion, Jack A., Private 

snnenberg, Konrad K., Chief, Engng. Liaison Office 
avis, William A., Jr. Ordnance Engr. 

Cebus, Kurt H. 

Ceuel, Glen A., Mechanical Engr. 

Dobbins, Lt. Edward B., Guided Missile Liaison Officer, 7 


Cuerr, Thomas H., Rocket Design Engr. 

Esslinger, William H., Jr., Chemical Engr. 

Fagan, James J., Assistant Director Guided Missiles. oun 

Ferguson, William A., Computer Instructor, uate. 

Fitton, Cliff E., Jr., Chief, Design Branch : 

Fieming, Frank F., Ordnance Design E 

Frevert, Graham C. 

Graham, Donald |., Jr., Coordinator Field Protective Measures & 
Human Engng., 

Haeussermann, Walter, Director-Engineer 

Heimburg, Karl L., Aero Research Engineer 

Hellebrand, Emil A. H., Aeronautical Devel. Engr. 

Heller, Gerhard B., Research & Devel. Engr. 

Henderson, George A., Chief, Reliability Branch 

Hinckley, Francis F., Engineer 

Hueter, Hans, Chief, Launching & Handling Equip. Lab. © 

isbell, Billy S., Aeronautical Powerplant Devel. Engr. 

Knothe, Adolf H., Chief, Guidance Theory Section —_ 

Koelle, Heinz Herman, Dipl.-Ing., Ac. Chief, Prelim. Des. Section 

Kroll, Gustav A., Chief, Fuselage Design Section 

Lindstrom, Robert E., Assistant Chief 

Lynch, William L., lst Lt. Sig. C., Instructor, Unit Chief 

Maus, Hans H., Mechanical Engr. 

McClard, Truman E., Test Engr. aha 

Minter, James M., Captain, United States Army 

Moore, L. Silas, Jr. 

Mrazek, William A., Guided Missile Design Engr. 

Newby, David H., Chief, Test & Evaluation Branch i t-: 

Nicastro, Lawrence N., Ordnance Project Engr. 

Nickerson, J. C., Colonel 

Paludan, Charles T. N., Physicist, Guidance and Control Labs. 

Raithel, Wilhelm, Chief, Structures & Mechanics Branch 

Rees, Eberhard F. M., Mechanical Engr. 

Reisig, Gerhard H. R., Chief, Analytical Investigations Section 

Roth, Ludwig, Assistant Chief 

Rudolph, Arthur, Technical Advisor to Chief Industrial Division 

Schilling, Martin, Chief, Project Management Staff 

Schuler, Albert E., Section Chief _/. 

Schulze, William A., Mechanical Engr. _ 

Sherman, Robert, Captain Ordnance C 

Sims, Joseph L., Aerodynamic Devel. Engr. 7 

Sisco, Winbern O., Jr., Deputy Chief, Ammunition Division 

Stamy, James L., Assistant to the Chief 

Stark, Lloyd W., Assistant to Director 

Strain, Bailey T., Captain, USAF, Air Force Devel. Field Rep. 

Stuhlinger, Ernst, Research Engr. 

Swanson, Conrad D., Physicist 

Swanson, Rollin J., Lt., Ord. Corps, U. S. Army 

Thornton, James O., Supvr. Aero. Power Plant Devel. Engr. 

Toftoy, H. N., Brigadier General 

Tschinkel, Johann G., Chief, Combustion & Fuel Section 

Von Braun, Magnus, Aeronautical R&D Engr. 

Von Braun, Wernher, Chief, Guided Missile Development Div. 

White, Niles C., Chief, Propellant Chemistry Section . 

Whitley, Robert P., Project Engr. 


~ 


Stevens, Victor |., Chief, High Speed Research Division 
Syvertson, Carence A., Aero. Research Scientist 
Zeiger, Marcus A., Aero. Mechanical VII a 


BUREAU OF AERONAUTICS, LOS ANGELES 


Seiler, Dayton A., Commander, U. S. Navy 
White, Herbert M., Chief Engr. 


BUREAU OF MINES, SAN FRANCISCO _?S 


Caraway, W. Hodge, Petroleum Engr. -- 


CASTLE AFB 
Shay, Michael, Major, U.S.A. 


CHELI AIR FORCE STATION, MAYWOOD 
Crider, Louis D., Chief, Packaging & Corrosion 


CIVIL AERONAUTICS ADMINISTRATION, LOS ANGELES 
Stampley, O. K., Jr., Flight Test Engr. 


558th FIELD ARTILLERY MISSILE BN., LOS ANGELES 
Argabrite, Alan H., Sgt. 


FOREST SERVICE, SANTA BARBARA 
Rigoni, Orlando P., Foreman, U. S. Government Forest Service 
GEORGE AFB = F 


Atran, Charles W., Jet Aircraft Inspector 


LOS ANGELES ORDNANCE DISTRICT 7 
Liljegren, Lyle K., Ordnance Design Engr. 
Salwick, William V., Engr. 

MARINE CORPS AIR STATION, EL TORO 
Mileson, Major Donald F., Major, USMC 

MATHER AFB 
O'Toole, Patrick J., 2nd Lieutenant 
Wright, Harold V., Captain USAF 

NAVAL GUIDED MISSILE SCHOOL, POMONA 
Davies, Henry E., Jr., Lt., U.S. Navy 


NAVAL ORDNANCE LABORATORY, CORONA 


Fine, Aleck, General Engineer, Naval Ordnance Laboratory 


NAVAL ORDNANCE TEST STATION, CHINA LAKE 


Ankeney, D. Philip, Mechanical Engr. 

Bankston, Lester T., Project Engr. 

Bradley, Harold H., Jr., Chemical Engr. 

Campbell, Ernest D., Rocket Research Chemist 

Cohen, William, Head, Component Exploration Section — 
Hassel, William F., Physicist 

Haussmann, Hans 

Herrmann, Charles R., Supvr., Rocket Design Engr. 


Jenkins, H. Powell, Jr., Head, Rocket Research Branch 

McLean, William B., Technical Director 

Moldenhauer, James G., Physicist 

Price, Edward W., Head, Fluid Dynamics Branch 

Rutkowski, Eugene V., Rocket Design Engr. 

Smith, Bernard, Head, Surface Deapon Div. 

Stevens, Lewis A., Physicist, Flight Evaluation Engr. 

Weinland, Clarence E., Head, Applied Research Division _ 
Williams, Mary M., Chem. Engr. 


NAVAL ORDNANCE TEST STATION, PASADENA 
McGuire, Robert W., Engineering Aide 
Sinnette, John T., Jr., Consultant Physicist & Research Scientist 

NAVAL RADIOLOGICAL DEFENSE LABORATORY, SAN FRANCISCO 
Miller, Lewis D., Senior Investigator, Physicist 

N. A. B. P. D., SAN BRUNO 
Quarterman, Edward A., Commander, USNR 
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NORTON AFB, SAN BERNARDINO 

Browning, Rowland E., Chief, Airframes Section 
Cleven, Gale W., Colonel, USAF 

OFFICE OF NAVAL RESEARCH, PASADENA 

Ewen, Douglas G., Aviation Technical Liaison Officer 
McCloskey, Chester M., Chief Scientist ; 
OFFICE OF SCIENTIFIC RESEARCH, A.R.D.C., PASADENA — 
Jefferson, Kay D., lst Lt., Research Administrator 


ROCKET ENGINE TEST LABORATORY, EDWARDS AFB pOAIIAD 
Barr, Fay H., Instrumentation Project Coordinator Mee baa 
Buskirk, David E., Lt. USAF, Project Engineer 
Capasso, Vincent N., 1st Lt., Performance Engr. 7 2 
Detjen, Walter A., Project Coordinator 2 ord 


Dynes, Donald L., Chief, Test Operations Branch 
Fahey, Philip F., Jr., Chief, Test Eng. Branch - 
Ford, John P., Chief, Captive Flight Section 7 
Ford, Richard W., Senior Rocket Engine Repairer 7 
Gompertz, Richard F., Chief, Rocket Engine Test Laboratory 


Hahn, Milton C., Chief, Inspection Office aa 
Hinchey, John B., Engr. General ~ 
Kasper, Victor J., Rocket Eng. Test Lab. ore 
Kistler, Dale E., Project Coordinator 


Knappman, Robert D., Equipment Design Engr. 
Lawrence, William H., General Engr. 
Lieberman, Paul, 2/Lt., Project Engr. 

Marshall, John W., Project Engr. 

Munden, Robert A., Foreman, Experimental Missile Systems 
Porter, Richard N., Engng. Assistant to Chief, Test Operations Br. 
Stratton, Harold S., Chief, Propulsion Systems Section 

Suzuki, George M., Project Engr. 

Watson, Thomas F., Chief Instrumentation 
Weiner, Richard S., Test Engr. 

Wendt, Carl J., Jr., Project Engr. 

Wood, Joseph H., Jr., Civil Engr. 


WESTERN DEVELOPMENT DIV., ARDC, INGLEWOOD 
Benner, Major Ralph W., USAF 

Peabody, Prentice B., Major, USAF 

Truax, Robert C., Commander, USN 

Vanden Heuve, George R., Major, USAF 

SAN BERNARDINO AIR MATERIAL AREA, SAN BERNARDINO 
Reale, Richard P., A. F. Q. C. R., Supvr. A/c M. & E. 

STATE OF CALIFORNIA, DIVISION OF HIGHWAYS, SAN FRANCISCO 
Dewart, Alan C., Assistant Highway Engr. 


COLORADO 


LOWREY AFB 

Calkins, Thomas C., Airman/Third Class 
Pittman, Earle S., 3420th STURON 
ROCKY MOUNTAN ARSENAL, DENVER 
Bradley, Thomas F., Development wot 


DISTRICT OF COLUMBIA 


AIR FORCE HEADQUARTERS 
Campbell, Francis W., Assistant for Guided Missiles 
Faris, Julius Porter, Jr., Lt. Colonel 

Hooks, Daniel E., Brigadier General, USAF : 
Maloney, Clement G., Special Assistant, Assistant Secretary of 
the Air Force 

Shea, James H., Colonel U.S. Air Force, Res. & Devel. 
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HE AMERICAN ROCKET SOCIETY is a national 

association of engineers and scientists devoted to ‘‘the 
development and application of the principle of jet propulsion 
as applied to rockets, aircraft, water and underwater craft 
and to all other appropriate and practical devices’ and to 
“the development of the sciences and engineering techniques 
pertaining thereto” such as instrumentation, guidance and 
control, high temperature materials, upper atmospheric 
research, aerodynamics, structures, combustion, fuels and 
propellants, heat transfer, etc. ARS has always maintained 
a deep interest in responsible scientific study of space flight 
aud in fostering sound professional and public interest in this 
subject. The Society carries out its aims through: 

1. Section Meetings, held periodically at most of the cen- 
ters of rocket and jet propulsion activity throughout the 
country. Sections are self-governing and programs are both 
technical and social. 

2. Regional Meetings, which include technical sessions as 
well as field trips to rocket, guided missile and aircraft estab- 
lishments, observatories, etc. These meetings are often 
held in cooperation with other technical societies. 

3. The Annual ARS Convention. Held in conjunction 
with the ASME Convention, this gathering includes technical 
sessions during which original papers are presented on all 
aspects of the Society’s interests. Outstanding guest speakers 
are presented at luncheon and dinner meetings and the ARS 
Awards are presented. Awards include the Robert H. God- 
dard Memorial Award for work in liquid propellants, the 
C. N. Hickman Award for solid propellants, the James H. 
Wyld Memorial Award for outstanding application of rocket 
power, the ARS Astronautics Award for contribution to the 
advance toward space flight, the G. Edward Pendray Award 
for rocket and jet propulsion literary effort, and the ARS 
Student Award for the best student paper on rocket and 
jet propulsion. Fellowships are also presented at this meeting 
to leading figures in the field. 

The ARS Library, located in New York, contains historical 
as well as current material relating to rocket progress. 

An affiliation exists between the American Rocket Society 
and the American Society of Mechanical Engineers which 
permits ARS members to use the Engineering Library in New 
York, attend ASME Sectional and National meetings and 
allows the purchase of reprints of articles at member rates. 


History and Accomplishments 


ARS was organized on March 21, 1930. During its early 
years, experimental rocket firings were made, and from them 
evolved data and equipment which led to the development of 
several significant rocket engines, as well as to the formation 
of industrial enterprises which today hold distinguished 
places in the field. 

As progress in rocket and jet propulsion became more rapid, 
and demands from the military mounted, the Society devoted 
itself exclusively to dissemination of information through 
meetings and publications. 

Dr. Robert H. Goddard was one of the early members of 
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of rocketry, jet propulsion, and astronautics 
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the society, as were many other pioneers who now hold key 
positions in industry, science, education and government. 


Membership 


Four types of membership are open in the society: 

MemsBer: Members shall consist of engineers and scien- 
tists who are actively engaged in the development or applica- 
tion of rocket or jet propulsion, other persons who have been 
working on the development or application of rocket or jet 
propulsion for at least four years and who hold or have held 
responsible positions in these fields, and such persons as may 
be deemed eligible for this class of membership by the Board 
of Directors by virtue of their outstanding accomplishments 
in other fields and their unusual interest in the purposes of 
the Society. 

Associate MemBer: Associate members shall be per- 
sons, other than students, who are actively interested in the 
development or application of rocket or jet propulsion. 

Srupent MemBer: Student members shall be persons not 
less than 17 years of age whose principal occupation is study 
at a recognized educational institution or who are serving as 
enlisted personnel in the Armed Forces of the United States, 
and who are interested in the development or application of 
rocket or jet propulsion. 

CorporaTE MemBer: Corporate Members shall be edu- 
cational, scientific or industrial organizations who may choose 
this method of expressing their interest in the development or 
application of rocket or jet propulsion, and who are considered 
acceptable by the Board of Directors. Each Corporate Mem- 
ber shall be entitled to five representatives with the rights and 
privileges of Members. 

Subscriptions to the Journal without membership are 
available at the rate of $12.50 per year. 

Certificates of membership are sent to each member upon 
acceptance. Identification pins may be purchased for $2.00 
from the office of the Secretary. 


Publications 


Jer Propunsion, Journal of the American Rocket Society, 
is published monthly and mailed to all members. Edited 
by distinguished scientists, the Journal is recognized as the 
most complete and authoritative source of original technical 
material on rocketry, jet propulsion, astronautics, and allied 
sciences. 

It also includes feature articles on industry, government, 
and university activites, news items, and ARS happenings. 
It carries a calendar of coming meetings, a digest of books and 
articles published on rocket and jet propulsion in this country 
and abroad, and reviews by authorities on current books. 

Information on advertising rates for the Journal can be 
obtained from the Secretary. 

Books AND TECHNICAL Papers. The Society makes avail- 
able to its members at special rates, technical papers, reprints 
and other useful information bearing on jet propulsion, rockets 
and their application. It also has available back issues of the 
Journal and its predecessor, Astronautics. 

A list of such material currently available may be obtained 
by writing to the office of the Secretery ee 
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To the Membership Committee: 
re FOR OFFICE USE ONLY 


I hereby apply for membership in the American Rocket Society, Inc. and enclose $ ‘ i 
as my annual membership dues, $5.00 of which is for a year’s subscription to the Journal of the Adm. — s 
American Rocket Society. The information given herewith is correct to the best of my knowledge. Fee. 


Check type of membership desired 


O Memper—Annual Dues $15.00 
O Associate MemBer—Annual Dues $10.00 


O Srupent MemBer—Annual Dues $5.00 Signature in Full 
(Sign with pen—Do not use initials) 


DASE 
(PLEASE PRINT OR TYPE) - 


Organization 
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